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THE PARASITES OF SOME LEPIDOPTEROUS STALK BORERS 
IN IOWA1 
GEORGE C. DECKER' 
From the Entomology and Economic Zoology Section, Iowa Agricultural Experiment 
Station 
Accepted for publication September 18, 1934 
In the course of studies on the bionomics of several lepidopterous 
stalk borers that occur in Iowa, much information concerning their 
parasites has been obtained. Because of the present widespread interest 
of entomologists and agriculturists in all phases of the biological control 
of insect pests, several workers have urged the early publication on the 
observations of the habits and interrelationships of these parasites. 
HOST SPECIES 
During the past six years ten species of noctuid and two species of 
olethreutid stalk borers have been under observation in the field and in 
the Insectary at Iowa State College. Some of these have been studied at 
length, whereas others have received only brief attention, but from each 
species one or more species of parasites have been reared. A few of the 
borers included in these studies are recognized as important pests of cul-
tivated plants and an interest in their parasites arises naturally. Other 
species attack only weeds and are of little or no economic importance, yet 
many of their parasites also are parasites of other insects which are recog-
nized as serious pests. There is, therefore, adequate reason for maintain-
ing a natural interest in these parasites and in their weed-infesting hosts. 
In some cases these hosts serve as reservoirs for maintaining stocks of the 
parasites; and in other cases they serve as alternate hosts in which the 
parasites may pass the winter or develop an additional generation of flies 
or wasps. 
The stalk borers included in this study are: Achatodes zeae (Harris), 
Luperina stipata (Morr.), Macronoctua onusta Grote, Papaipema nebris 
(Gn.), P. cataphracta (Grote), P. arctivorens Hampson, P. purpurifascia 
(G. & R.), P. frigida Smith, Oligia fractilinea (Grote), Archanara sub-
carnea (Kell.), Epiblema otiosana (Clemens) and E. strenuana (Walker). 
In a few cases where parasites of the foregoing species have been reared 
from other insects this fact will be mentioned. 
MASICERA SENILIS Meig. 
Masicera senilis Meig. (M. myoidea R. D. of Coquillett) was by far the 
commonest, and probably the most valuable of all the parasites reared 
from Papaipema nebris, a borer which appeared to be its principal host. 
1 Journal Paper No. BlOS of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 134. 
•The writer is indebted to Messrs. H. Morrison, J. M. Aldrich, C. H. Curran, H. J. 
Reinhard, R. A. Cushman, AB. Gahan, G. S. Walley and G. Sandhouse for their in-
valuable assistance in naming the species of parasites. 
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However, many adults of M. senilis were bred also from larvae of Luperina 
stipata, Macronoctua onusta, Papaipema purpurifascia, P. cataphracta, P. 
frigida and P. arctivorens, and a few (at least one or more) were reared 
from Achatodes zeae, Archanara subcarnea and Epibleme otiosana. In the 
literature this species is recorded also from several other hosts, including 
Gortyna immanis Gn., G. stramentosa Gn., Nonagria oblonga Gr., Py-
rausta nubilalis and several species of Papaipema. Bird (1925a) has ob-
served this tachinid to be a parasite of twenty-two species of allied noctuid 
borers. Britton (1919), Washburn (1910), Bird (1921), Lowry (1927) 
and others have found M. senilis (myoidea) to be an important parasite of 
P. nebris and Breakey (1931) referred to it as one of the most important 
parasites of M. onusta in Wisconsin. 
M. senilis is viviparous and caged specimens were observed to deposit 
their larvae about the entrances to the borer tunnels and at other points 
on the plant and on the trash in the bottom of the cage, but none were 
deposited on exposed borers. It seems probable that in the field the mag-
gots would be placed near the tunnel entrance and that the random deposi-
tion in the cages was because the borers had recently crawled over every-
thing. Some of the tiny maggots moved slowly about, whereas others re-
mained comparatively quiet. To some extent they may search for their 
host, but perhaps most of them first encounter the borer when it is casting 
refuse from the burrow. Once inside the borer the maggot apparently 
develops slowly until the host is nearly full-grown and then it rapidly 
consumes most of the body tissues. The parasite pupates near the remains 
of its host either in the burrow or in the soil. The length of the pupal 
stage varied between 10 and 21 days and averaged 14 days. Adult emerg-
ence extends over a rather long period of time, beginning July 1 (from 
A. zeae and L . stipata) and continuing until September 15 (from P. nebris 
and M. onusta). Bird (1916) has found that some of the late formed 
puparia overwinter and yield adults the . following July. The writer has 
not been able to verify this observation. In his experiments a number of 
puparia of assorted sizes have been placed in soil out-of-doors each year, 
but only adults of Gymnochaeta ruficornis Will. emerged in the spring. 
The alternative possibly is that this species, like the European homonym, 
passes the winter as a larva in some alternate host. 
In the majority of cases but one fly emerges from a single host; the 
emergence of two flies, however, is not uncommon, and, in a few cases, 
three flies have been reared from a single host. In cases where more than 
one parasite developed in a caterpillar the resulting adults were usually 
smaller than the others. 
This fly commonly parasitized between 8 and 30 per cent of Papaipema 
nebris larvae and in some cases it attacked as high as 70 per cent of the 
borers. The degree of parasitism in the other borers 'was generally some-
what lower. Masicera was reared from borers collected in corn and other 
cultivated plants as well as from those collected in Ambrosia. Bird (1921) 
has pointed out that P . nebris larvae in corn and cultivated crops were 
practically free from parasites, while Vinal and Caffrey (1919) found that 
P. nebris larvae in corn were very highly parasitized by Masicera, but 
that larvae of Pyrausta nubilalis tunneling through the same plant or 
through plants in the same hill were only parasitized to a very small ex-
tent. Lowry (1927) collected eleven stalk-borer larvae in a corn field, all 
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of which were parasitized by this species. Eight of the borers contained 
two parasites each. 
Eupteromalus dubius (Ashm.), Plesignathus sp., and Perilampus 
hyalinus Say were reared as hyperparasites from the puparia of M. senilis. 
E. dubius was the most abundant of the three and although it destroyed 
only a small percentage of the Masicera puparia it was present in every 
large field collection each year. Huber et al (1928) report rearing E. dubius 
from Masicera myoidea in Ohio. At Ames, this secondary parasite was 
reared in large numbers from Pyraustomyia penitalis (Coq.). On this 
species it was especially prevalent in the puparia of the overwintering or 
spring brood. 
ERYCIA DECKER! Curran 
Erycia deckeri was described by Curran (1929) from a single female 
specimen reared from a full-grown P. nebris larva on August 18, 1928. 
This species closely resembles Masicera senilis Meig. (E. myoidea of Cur-
ran), and both species were reared from the same lot of borers. The writer 
has many specimen of Masicera (Erycia) not yet examined by specialists, 
some of which may prove to be deckeri. 
GYMNOCHAETA RUFICORNIS Will. 
This large, metallic green tachinid was reared many times from 
P. nebris, twice from P. cataphracta and once from P. arctivorens. It was 
not found in any of the other borers and always occurred in larvae taken 
well up in the stalks. It remains to be seen whether or not this is char-
acteristic of the species. Borers infested with this parasite develop a 
.swollen appearance in the midbody region during the last larval stadium, 
and a few days later a large maggot emerges from the caterpillar and 
pupates. Pupation, which occurs during August, takes place in the borer 
tunnels or in the soil, depending upon the location of the host at the time. 
In the laboratory this species pupated readily in any type of receptacle. 
The winter is passed in the pupal stage, and the adult flies emerge during 
May and June. The earliest emergence recorded was on May 12 and the 
latest on June 11. On these dates the host larvae are two or three weeks 
old. These notes, therefore, indicate that this fly has a one generation life 
cycle well synchronized with that of its host. 
WINTHEMIA RUFOPICTA (Bigot) 
Until very recently this species was considered a synonym of W. quad-
ripustulata (Fab.), and unfortiinately most of the records attributable to it 
are given under the latter name. The author's specimens were originally 
_identified as W. quadripustulata and are so reported in previous papers 
(Decker, 1930, 1931), but, in his revision of the genus Winthemia, Reinhard 
(1931) recognized them (p. 32) as W. rufopicta. 
. Fifty-two specimens reared from P. nebris emerged between July 20 
and August 15; six from 0. fractilinea appeared between July 12 and 21; 
three from L. stipata emerged July 1, 6and19; and two from P. cataphracta 
emerged July 26 and 29. Most of the field collections of borers did not 
yield a single Winthemia but when it was present between 10 and 20 per-
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cent of the larvae bore one or more Winthemia eggs. The degree of para-
sitism would undoubtedly be increased but for the fact that this species 
deposits eggs usually on the thorax of the host, and the borers are therefore 
only susceptible to attack during periods of migration. 
Several specimens of W. rufopicta were reared from cankerworms in 
July, 1930, by H. M. Harris and the writer. 
LIXOPHAGA VARIABILIS (Coq.) 
Many specimens of this parasite were reared from mature larvae of 
Epiblema otiosana and E. strenuana. Most of the adult flies emerged from 
overwintering borers during mid-June, but seven adults were reared from 
borers of the summer generations. These emerged July 27, August 2, 13, 
18, 20, 29 and September 1. Three specimens were reared from half-grown 
Papaipema nebris larvae on July 15, 1928, and two flies emerged from 
pupae found in the burrows of Pyrausta penitalis on August 2, 1927. 
L. variabilis was reared from P. cataphracta by Washburn (1910). 
It has also been reported as a parasite of several weed infesting insects 
(Lepidoptera and Coleoptera) and also from such pests as Laspeyresia 
molesta Busck, Carpocapsa pomonella and Pyrausta nubilalis. The Epi-
blema larvae, therefore, serve as important overwintering reservoirs for 
this parasite. 
MUSCINA STABULANS Fall 
The larvae of this common fly are practically omnivorous. According 
to the literature they are able to develop upon plant or animal tissue either 
alive or in varying stages of decomposition. Next to Masicera senilis this 
was the most common fly taken. Puparia of M. stabulans were found in 
the feeding burrows of Achatodes zeae, Macronoctua onusta, Papaipema 
nebris, P. purpurifascia and Epiblema. otiosana. In many cases the larvae 
probably had been scavengers in the tunnels, but several specimens of this 
fly were bred from live borers and present, therefore, positive evidence of 
a parasitis habit. Cole (1931), Breakey (1929) and others have made 
similar observations and consider M. stabulans to be a true parasite. 
MUSCINA ASSIMILIS Fall 
A few puparia of M. assimilis were taken from the burrows of Papai-
pema nebris and P. purpurifascia, but no positive evidence of parasitism 
was obtained. Breakey (1929) reports this species from Macronoctua 
onusta. 
SARCOPHAGA HELICIS Towns. 
Sarcophaga helicis has been recorded as a parasite of many Lepidop-
tera and certain other insects. It has also been reported as breeding on 
dead insects. A few specimens of this fly were reared each year from the 
larvae of Papaipema nebris and Achatodes zeae. Most of the flies obtained, 
however, were bred from host larvae that were dead when collected or 
were reared from puparia collected in the borer tunnels. Only three speci-
mens were reared from borers that were alive when collected. Breakey 
(1931) reported this species as a parasite of Macronoctua onusta. 
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SARCOPHAGA CIMBICIS Towns. 
The habits of this species were apparently very similar to those of the 
S. helicis. Adults were reared from the larvae of Papaipema nebris, P. 
arctivorens, Oligia fractilinea and Epiblema otiosana. In most cases they 
were considered to be parasites of the borers, but some of the records are 
incomplete and it is impossible to state the number of actual cases of 
parasitism. Breakey (1929) bred S. cimbicis from Macronoctua onusta 
in Wisconsin. 
ECTOPIMORPHA LUPERINAE Cush. 
Ectopimorpha luperinae was described by R. A. Cushman (1931) from 
a series of specimens reared from the four-lined borer (Luperina stipata 
Morr.) at the Iowa Agricultural Experiment Station. To date it has not 
been reared from any other host, but it seems probable that an overwinter-
ing brood must develop on some other species (possibly one of the 
cutworms?). 
These parasites develop singly within the body of the borer. The stage 
of development of the host at the time it is attacked by the parasite is not 
known. Many parasites were reared from borers collected a week or ten 
days before pupation, and a few were bred from caterpillars taken in the 
penultimate stage, about two weeks earlier. Parasitized larvae and pupae 
are normal in appearance, and the presence of the parasite is impercept-
ible until the adult Ichneumon emerges from the host pupa. This occurs 
about 15 or 20 days after the caterpillar has pupated, which is only 2 or 3 
days before the moth normally emerges. Adult emergence occurs over a . 
period of about a month, beginning in mid-July and continuing into the 
second week of August. In seventeen field collections of host larvae the 
degree of parasitism by this species varied between 1.2 per cent and 18.1 
per cent and averaged 9.1 per cent. 
MICROPLITIS GORTYNAE Rly. 
The Braconid, originally described by Riley (1881) from nine speci-
mens reared from Achatodes zeae in Iowa, was a common enemy of the 
Noctuid borers. Many adults were reared from Papaipema nebris, Luper-
ina stipata and Achatodes zeae and smaller numbers from Papaipema cata-
phracta, P. frigida and P. purpurifascia. 
It is quite evident that M. gortynae has but one generation each year. 
The larvae pass the winter within their characteristic reddish brown, 
ribbed cocoons. Pupation occurs in the spring, and the adults emerge 
during late May and June. Soon after mating the females start out in 
search of the borers. As a rule borers about one-third grown are selected 
for oviposition, hence in the early part of the season the parasites attack 
the larvae of Luperina and Achatodes and later on they seem to prefer 
the Papaipema larvae. The parasitized borers continue feeding and appear 
normal until the parasite larvae emerge. In Luperina and Achatodes this 
occurs in late June or early July, at which time the host is in its last larval 
instar, while in the slower developing larvae of Papaipema the parasites 
frequently emerge during July and August from larvae in the penulti-
mate stage. The number of parasites emerging from individual hosts 
varied between 6 and 42 and averaged 24.6. Larvae emerging from Luper-
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ina almost invariably construct their cocoons in the soil; those emerging 
from Achatodes form cocoons either in the pupal quarters or in the feed-
ing burrow of the host, usually in the former, and those emerging from 
Papaipema spin their cocoons either in the soil or in the feeding burrow 
of the host. Cocoons found in the feeding burrows of the host commonly 
formed an encircling band about the remains of the dead host while those 
found in the soil were bound together in irregular masses. 
The findings of the writer are in accord with the published observa-
t ions of Bird (1927) and Balduf (1929). Bird gives a detailed account 
of oviposition and Balduf presents a good description of cocoon-spinning. 
Eupteromalus viridescens (Walsh) was the only parasite reared from 
Microplitis in Iowa. In New York Bird (1925a) found M. gortynae para-
sitized by E. viridescens, Hemiteles tenellus (Say) , Astomaspis fulvipes 
Grav., Gelis microplitidis Gahan, Ethelurgus sp. and Thysiotorus sp. 
Balduf reported rearing E. viridescens from cocoons of M. gortynae and 
Microbracon lutus in Ohio and Illinois, while Breakey (1930) working 
with Achatodes zeae in Wisconsin found a closely related species, Euptero-
malus dubius, parasitizing about 30 per cent of the M. gortynae pupae. 
METEORUS VULGARIS (Cress.) 
This moderately small, gregarious braconid was a common parasite 
of Luperina stipata, but was not recorded from any of the other borers. 
The parasite larvae emerged from mature host larvae during late June 
and early July, and the number emerging from each individual host 
varied between 6 and 17 and averaged 12.3. The host usually died about 
the time the parasite larvae emerged, but in a few cases the borer was still 
alive the following day. Pupation occurs in compact, oval, buff cocoons 
which may or may not be found together. The time spent in the cocoon 
varied between 5 and 12 days. A number of adults that emerged July 9 
were placed in a large vial with three host larvae on July 11. Oviposition 
was not observed, but on July 22 and 23, seven, eleven and fourteen larvae 
of this parasite emerged from the caterpillars and spun their cocoons. 
The adults appeared five days later. 
Meteorus vulgaris is frequently· mentioned as a parasite of various 
species of cutworms. In Saskatchewan, according to King and Atkinson 
(1928), this species has at least two generations a year and passes the 
winter as larvae in hibernating cutworms. From these observations we 
may assume that in Iowa there are at least three or four generations of 
this braconid each year. 
SAGARITIS mcYLUS (Cress.) 
Two specimens of this species were reared. One, on August 10, from 
a pupa collected with the remains of a nearly mature larvae of Papaipema 
nebris and the other, on July 12, from a larva of Oligia fractilinea. Sagar-
itis oxylus is reported as a parasite of armyworms and cutworms and was 
previously reared from P. nebris by Lowry (1927). 
LISSONOTA BRUNNEA (Cress.) 
Lissonota brunnea, a large Ichneumon parasite, was reared in con-
siderable numbers from the mature larvae of Papaipema nebris and in 
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smaller numbers from P. cataphracta, Achatodes zeae and Luperina 
stipata. The large, white, parasite grubs emerged from full-grown borers 
and immediately spun elongate-oval, closely woven, brown cocoons in 
which they passed the winter. Adults emerged during April. During the 
warm hours of the day these adults were very active, but when the tem-
perature dropped below 50° F. they became rather sluggish, yet they 
were able to show feeble movements of the legs and antennae at 30° F. 
It seems probable that there is a spring generation of this Ichneumon on 
some alternate host. 
Breakey (1930) found three Lissonota sp., probably brunnea Cress., 
cocoons in the pupal chambers of A. zeae, which in all cases were para-
sitized by Eupteromalus dubius. 
AMBLYTELES JUCUNDUS (Brulle) 
Several specimens of this large Ichneumon were reared from Papai-
pema nebris; three from Macronoctua onusta and two from Luperina 
stipata. In all cases the adult parasites emerged from pupae of the host. 
Those emerging from L. stipata appeared July 26-27, whereas those 
emerging from the other borers emerged in late August and early Sep-
tember. 
Dietz (1928) bred A. jucundus from M. onusta in Indiana. 
AMBL YTELES LAETUS (Brulle) 
Three adults of Amblyteles laetus emerged from Papaipema nebris 
pupae the first week of September, 1931, and a single adult emerged from 
a pupa of Oligia fractilinea July 28, 1928. Bird (1923) states that A. laetus 
is parasitic on the majority of species (of Papaipema) which pupate in 
their burrows and that the adults which emerge from Papaipema hosts 
during September hibernate and presumably have an alternate host in 
the early part of the following season. Breakey (1931) found A. laetus 
parasitizing three per cent of the Macronoctua onusta larvae under ob-
servation in 1929. Washburn (1910) bred this species from P. nebris and 
P. cataphracta in Minnesota. 
APANTELES PAPAIPEMAE Mues. 
Apanteles papaipemae was the most common hymenopterous parasite 
of Papaipema nebris and was occasionally found on P. cataphracta, P. 
arctivorens and P. frigida. The parasite larvae usually emerged from the 
host about the time pupation seemed imminent. Immediately after emerg-
ence they spun up in white cocoons which were arranged parallel to one 
another and bound together in a compact mass. It was not uncommon for 
the host to remain alive for 24 hours after the parasites had emerged. 
Cocoon masses, from which the adults emerged during late · July and 
August, were found in the soil and in the feeding burrows of their host. 
The time and method of egg deposition was unobserved, but it is assumed 
that the borers are attacked when quite small. In two instances, A. papai-
pemae was reared from borers that had been under observation for ap-
proximately thirty days. Bird (Meusebeck, 1920) has bred this species 
from P. nebris and P. maritima at Rye, New York. 
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APANTELES LAEVICEPS Ash. 
This species was moderately abundant on Luperina stipata, but was 
not reared from any of the other borers, which was probably due to the 
fact that Luperina larvae have a number of habits in common with many 
of the cutworms, upon which A. laeviceps is a common parasite. The 
parasite larvae emerged from full-grown borers late in June and immedi-
ately spun up in dirty white cocoons. These cocoons were bound together 
in very irregular masses, of between 20 and 40 each. The time spent in 
the cocoon varied between 6 and 15 days and averaged 9.3 days. Adults 
emerged July 1to10. 
APANTELES MILITARIS (Walsh) 
Two larvae of Luperina stipata, two of Oligia fractilinea and one of 
Macronoctua onusta were attacked by this parasite. The dirty white 
cocoons were found in contact with the bodies of the dead hosts on June 
26 (L. stipata) and August 25 (M. onusta). The adults emerged July 1-3 
and August 27-30. A . militaris is a common parasite· of armyworms and 
cutworms and was previously reported from M. onusta by Dietz (1928). 
APANTELES HART! Vier. 
Seven specimens were reared from pupae collected in burrows con-
taining the dead remains of half-grown Epiblema otiosana larvae. Adults 
emerged July 15-21. A. harti was also bred from larvae of Pyrausta peni-
talis Grote. 
MICROBRACON LUTUS (Prov.) 
Only three specimens of M. lu tus, which is a common parasite of 
Papaipema spp. in some regions, were obtained in these experiments. All 
were reared singly from half-grown P. nebris larvae. Bird (1925b) men-
tions M. lutus as active on early stages of many Papaipema in New York, 
and Balduf (1929) reared this species from A. zeae in Illinois. The latter 
gives many interesting observations on its life history and habits. 
MICROBRACON FURTIVUS (Fyles) 
Two Papaipema nebris larvae with ectoparasites feeding upon them 
were collected on August 29, 1926. On September 6 the parasite larvae 
had completed development and spun cocoons. Adult M. furtivus emerged 
from these cocoons May 14-16, 1927. 
MICROBRACON CAULICOLA Gahan 
Microbracon caulicola, one of the most common parasites of the smart-
weed borer (Pyrausta ainsliei Hein.) seldom attacks borers in plants other 
than smartweed. In two instances, however, half-grown larvae of Papai-
pema nebris, taken from plants of Ambrosia trifida surrounded by borer-
infested smartweeds, were parasitized by M. caulicola. Four larvae of 
Epiblema otiosana taken in Bidens sp., also associated with smartweed, 
were attacked by this species. 
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EPIURUS Pl'EROPHORl (Ashm.) 
One specimen was bred from a small larva of Papaipema nebris, and 
two adults were reared from pupae found with the remains of half-grown 
Achatodes zeae larvae in elder (Sambucus sp.) stems. This species was, 
however, a fairly common parasite of Epiblema otiosana, E. strenuana 
and Pyrausta ainsliei. Adults were reared from Epiblema larvae and 
pupae of the summer broods and from Epiurus larvae found hibernating 
in old burrows of the host. 
BASSUS SIMILLIMUS Cress. 
Several specimens were reared from mature larvae of Epiblema 
otiosana and E. strenuana during late July and August. According to 
Muesbeck (1927), this species has been reared as a parasite of Lixus 
scrobicollis, a Curculionid attacking ragweed. He suggests that it prob-
ably attacks Lepidoptera and Coleoptera in stems of herbaceous plants. 
It seems strange, therefore, that it was not taken on Papaipema in rag-
weed. 
MACROCENTRUS PALLISTERI Degrant 
This species was a very common parasite on both generations of 
Epiblema otiosana, and a few specimens were reared from E. strenuana. 
Eupteromalus viridescens was frequently reared as a secondary parasite 
from the cocoons of M. pallisteri. Muesbeck (1932) gives Epiblema otio-
sana, E. scudderiana and E. strenuana as recorded hosts of this species. 
MACROCENTRUS DELICATUS Cress. 
Five adults of M. delicatus were bred from mature first generation 
larvae of Epiblema strenuona. Muesebeck (1932) gives a rather exten-
sive host list for this species, which includes Papaipema nebris and a num-
ber of important economic pests. Allen and Lott (1930) have pointed out 
the importance of E. strenuana as a reservoir for several parasites of 
Laspeyresia molesta. 
EUPTEROMALUS VIRIDESCENS (Walsh) 
On September 9, 1930, eleven specimens of E. viridescens appeared 
in a cage which contained field collected pupae of Papaipema nebris. A 
hasty search for the pupa from which they emerged was fruitless, but 
in as much as there were no parasite pupae in the cage it was presumed 
that they came direct from the · Papaipema pupae. In no other case did 
E. viridescens suggest itself as a primary parasite of the borers. Bird 
(1927), however, has observed such an occurrence. In his discussion of 
this species he says, "However, their adaptability is evident since occa-
sionally, when no Microplitis cocoons are to be found in the Papaima 
burrow and when the central figure has pupated therein, the little virides-
cens are not deterred from oviposting in the larger host, thus assuming 
a primary role." 
Eupteromalus viridescens undoubtedly has several generations a 
year. Adults begin emerging from overwintering cocoons of Microplitis 
gortynae and Microbracon caulicola about the first of May, and this 
576 GEORGE C. DECKER 
emergence sometimes continues well into June. During the summer 
months they are practically always present and may be reared at various 
times from cocoons of Microplitis gortynae, Macrocentrus pallisteri, Apan-
teles papciipemae and Microbracon caulicola. Balduf (1929) reared it from 
Microplitis gortynae and Microbracon lutus. 
ADDITIONAL RECORDS FROM LITERATURE 
Parasites of the borers considered in this paper, which have been re-
ported by other workers but not encountered in the course of these inves-
tigations, are listed under the names of their respective hosts. 
PAPAIPEMA NEBRIS (Gn.) 
Exorista sp., Washburn (1910) 
Chatopsisaenea Wied., Washburn (1910) 
PAPAIPEMA spp. 
Hemiteles sp., Bird (sevedal papers) 
Amblyteles sclestus (Cress.), Bird (1926) 
ACHOTODES ZEAE (Harris) 
Aphiochaeta aletiae (Comstock), Balduf (1929) (Scavenger) 
Amblyteles sclestus (Cress.), Balduf (1929) 
Amblyteles consignatus (Cress.), Balduf (1929) 
Amblyteles caeruleus (Cress.), Balduf (1929), Breakey (1930) 
Amblyteles brevicinctor (Say), Breakey (1930) 
Miotropis clisiocampae Ashm., Balduf (1930) 
Psychaephagus omnivorus (Walker), Breakey (1930) 
Ephialtes aequalis (Prov.), Breakey (1930) 
Habrocytus sp., Balduf (1929) (May be secondary) 
Eurytoma sp., Balduf (1929) (Host uncertain) 
MACRONOCTUA ONUSTA Grote 
Miospila meditabunda Fab., Breakey (1929) 
Sarcophaga latisterna Park, Breakey (1929) 
Amblyteles rubicundus (Cress.), Breakey (1931) 
Psychophagus omnivorus (Walk.), Breakey (1931) 
EPIBLEMA STRENUANA (Walker) 
Macrocentrus ancylivora Roh., Allen and Lott (1930) 
Glypta rufiscutellaris Cress., Allen and Lott (1930) 
Pristomerus ocellatus Cush., Allen and Lott (1930) 
Cremastus minor Cush., Allen and Lott (1930) 
DISCUSSION AND SUMMARY 
The stalk borers are attacked by a large number of parasites of very 
diverse habits. They seem to attract and focus upon themselves the at-
tacks of the natural enemies of many unrelated species which have similar 
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feeding habits as well as the attacks of parasites of closely related species 
which have very dissimilar habits. For instance, the two borers of the 
family Olethreutidae are attacked not only by species such as E. ptero-
phori, Bassus simillimus and Microbracon caulicola, which use other stalk 
borers as host, but also by species such as Lixophaga variabilis and Macro-
centrus delicatus, which are parasites of Laspeyresia molesta, Carpocapsa 
pomonella and other fruit infesting insects. Likewise the borers of the 
family noctuidae are the victims of Masicera senilis, Microplitis gortynae 
and Epiurus pterophori, which prey largely upon stalk boring insects, and 
are also attacked by such species as Winthemia rufopicta, Meteorus vul-
garis, Apanteles militaris and others which are well known parasites of 
external feeding noctuids such as cutworms and armyworms. 
The Papaipema and other noctuid borers when exposed, as they are 
during periods of migration, are readily attacked by cutworm parasites 
which would not and possibly could not attack them in their burrows. It 
is interesting to observe that Luperina stipata, a borer which works up-
ward from the base of the plant and spends much of its life below the sur-
face of the soil, is highly parasitized by Meteorus vulgaris and Apanteles 
laeviceps, two very common parasites of many cutworms. Oligia frac-
tilinea, which often feeds in the open heart of the corn plant, yielded four 
species of parasites, all of which are reported as parasites of the amryworm. 
The presence of a certain amount of filth in and about the burrows of 
the borers seems to attract several omnivorous flies (Sarcophaga spp. and 
Muscina spp.), which at times assume a parasitic habit. 
A number of important factors influence the intensity of parasitism. 
In the first place, few of the parasites are specific to the host. Most of 
the borers under discussion have a single generation each year, whereas 
many of the parasites have two or more generations. In many cases this 
requires the presence of an alternate host and tends to decentralize the 
parasite population by scattering it over larger areas and often into dif-
ferent ecological habitats. On the other hand, any condition, such as a 
concentration of borers in a small plant or the mowing of infested plants, 
which produces a borer migration, increases the probability of attack by 
the cutworm parasites; also a large population of these parasites built up 
by cutworm or armyworm outbreaks will be reflected in an increased 
attack upon the borers. 
Secondary parasites, particularly Eupteromalus viridescens in hy-
menopterus pupae and E. dubius in dipterous puparia, greatly retard the 
incidence of parasitism by the primary parasites. 
The burning of fence rows and egg infested grasslands during the 
winter months, as recommended for the control of the noctuid borers 
which overwinter in the egg stage, is not particularly disastrous to the 
parasites, a good many of which are then safe below the surface of the 
soil. Others pass the winter in alternate hosts and even those hibernat-
ing in the plants are not all destroyed. A rapid fire consumes the grass, 
weed leaves, and small dried plants, but the large stalks of ragweed fre-
quently are charred only on the outside. Live pupae of Gymnochaeta 
ruficornis, Lissonota brunnea and Microplitis gortynae have been taken 
from stumps of ragweed after a fire had burned over the area. 
In addition to the parasites a large number of birds, certain mammals, 
predatory insects and disease destroy many borers. The predators of 
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Luperina stipata and Papaipema nebris have been briefly discussed in 
previous papers (Decker, 1930, 1931). 
Synoptic table of hosts and parasites 
Host 
.$ ~ .g ., <:.> ~ ~ ::l "" "~ " ., " "" "' ~~ ., ~~ ~ " ~ ~ .... ""' ~~ PARASITE -~·E ~l? ., 0 "" "" ~ .g "f ~a.~·= -2' il ~'C ·.: t; ,g .$'t a" 
".0 ·t; §' "- " .. ·~·~ .,~ "" t~ .!:!" ~s ~tl ~ .. ~~ ~~ 1r ;:! ~-... ~·- ,I:!<! to" <:.> .0 :2 :::1 ~= "d ~d d ... ;:!~ "'" "5 s~ ,_;:i ifro ·a.t ~<:.> ~~ ~- ...i" «: ' ::;;: <!!" r..i"' 
Diptera 
Masicera senilis XO XO x x XO x XO XO XO x 
Erycia deckeTi x 
Gymnochaeta ruficornis x x x 
Winthemia rufopicta x x x x 
Lixophaga variabilis x 0 x x 
Muscina stabulans x x x XO 0 x 
Muscina assimilis x x 0 
Sarcophaga helicis x x 0 
Sarcophaga cimbicis x x 0 x x 
Hymenoptera 
Ectopimorpha lupeTinae x 
Microplitis gortynae XO XO x XO x XO 
Meteorus vulgaTis x 
SagaTitis oxylus XO x 
Lissonota brunnea XO x x XO 
Amblyteles jucundus x x XO 
Amblyteles laetus XO 0 0 x 
Apanteles papaipemae XO x x x 
Apanteles laeviceps x 
Apanteles militaTis x XO x 
Apanteles harti x 
Microbracon lutus XO 0 
Microbracon furtivus x 
Microbracon caulicola x x 
Epiuris pterophoTi x XO x x 
Bassus simillimus x x 
Macrocentrus pallisteri XO XO 
Macrocentrus delicatus 0 XO 
Eupteromalus viTidescens XO 
X=Observed at Ames. 
0 =Reported in literature. 
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GROUND SQUIRREL, CITELLUS PYGMAEUS 
w. L. YAKIMOFF AND B. D. SoKOLOFF 
From the Veterinary School, Leningrad, U.S.S.R. 
Accepted for publication September 18, 1934 
The first coccidium described from ground squirrels was Eimeria 
citelli Kartchner and Becker, 1930, which has for its host an American 
ground squirrel, Citellus tridecemlineatus. The principal characters of 
this parasite are tabulated in the second column of table 1. A peculiarity of 
the sporulating oocyst was the large residual body that appeared among 
the sporoblasts but diminished rapidly in size as sporulation proceeded. 
The same species was observed in Citellus pygmaeus by Sassuchin and 
Rauschenbach (1932) in the Western Kazakstan (U.S.S.R.). The charac-
ters noted by these workers are tabulated in the third column of table 1. 
They also described from the same host another coccidium, Eimeria vol-
gensis, the characters of which are presented in the sixth column of table 1. 
Still another Eimeria from ground squirrels of the genus Citellus is 
Eimeria beecheyi Henry, 1932, from a California host, C. beecheyi. Its 
characters appear in the fifth column of table 1. This species has no re-
sidual body in -the sporulated oocyst, but instead there may be noted a 
rather large polar granule. Henry (1932) also described two species of 
coccidia from Callospermophilus chrysoderius. The names and characters 
of these are shown in the seventh and eighth columns of table 1. 
Iwanoff-Gobzem (1934) failed to detect any coccidia in eleven ground 
squirrels of the species Citellus rufiscens from Northern Kazakstan. 
Our own investigation concerns two types of oocysts found in the 
feces of Citellus pygmaeus Pall. from Crimea, examined according to the 
Darling method. 
The first type of oocysts was considerably less in numbers than the 
second. Most of them were round, though oval forms were frequent and 
oviform ones rare. They were colorless, but the membrane could be seen 
very distinctly. Measurements were as follows: round forms, 14.4µ.-23.4µ. 
in diameter, average 16.9µ.; oval forms, 17.lµ.-22.5µ. x 14.4µ.-21.7µ., average 
19.2µ. x 16.8µ.. The form index was 1: 0.81-0.96, average, 1: 0.87. The 
oocyst membrane was 0.9µ. in diameter, and was without a micropyle. Dur-
ing the formation of the spores there is a large residual body measuring 
7.3µ.-9.9µ.. Each sporocyst likewise shows a residual body. The sporoblasts 
measure 5.4µ. in diameter, and the spores 7.2µ. x 5.4µ.. There is no polar 
granule in the oocyst. Oocysts of this type correspond closely with the de-
scriptions of Eimeria citelli Kartchner and Becker, 1930, as given by the 
describers and by Sassuchin and Rauschenbach (1932). 
The oocysts of the second type were numerous, and differed markedly 
from those of the first type. The color was yellow or yellowish. The 
membrane is thicker and covered with minute fragments from the feces. 
The oval shape predominates, but round forms are common. Of sixteen 
round specimens, eight measured 18µ. across, six 19µ., one 20.7µ., and one 
[581) 
TABLE 1. A comparison of the oocysts of the coccidia described from ground squirrels 
Name of coccidia Eimeria citelli Eimeria beecheyi 
Animals Citellus tridecemlineatus Citellus pygmaeus Citellus pygmaeus Citellus beecheyi 
Authors Kartchner & Becker, 1930 Sassuchin & Rauschen-
bach, 1932 
Ourselves, 1934 D. Henry 
Oocyst: 
Shape 
elliptical, 
ical 
oval, subspher- elliptical, oviform, round oval, subspherical, round oval 
Color colorless colorless 
Size inµ, 15-23 x 14-19; aver. 18.8 x 17.4-26.1 x 14.9-19.6; aver. ovals: 17-21.6 x 14.4-18; 16-22 x 12.8-10.2 (sic) 
15.8 21.1x17.2 aver. 19.2 x 16.8. aver. 19.2 x 16.0. 
Rounds: 14.4-23.4; 
aver. 16.9. 
Micropyle 0 0 0 0 
Envelope triple triple 0.5-0.8 +o.9 double 1.0 
Residual body +large + + 6.3-9.9 0 
Polar granule 0 0 0 0 
Form index 0.81-0.96; aver. 0.87 
Spores: 
Size 5.2-9 x 3.9-7 6-9.4 x 3-4.3 7.2x5 
Sporozoites: 
Size 5-7.5 x 1.75-3.3 5.2-8.7 x 1.8-3.4 
. 
Sporulation time 72 hours 72 hours 4-5 days 
TABLE 1. (Continued) 
Eimeria 
Name of coccidia Eimeria volgensis callosphermophili Eimeria bilamellata Eimeria beckeri n. sp. 
Animals Citellus pygmaeus Callospermophilus chrysoderius Citellus pygmaeus 
Authors Sassuchin & Rauschen- D. Henry Ourselves, 1934 
bach, 1932 
00cyst: oviform sub-spherical oviform oval, round 
Shape 
Color yellowish yellowish, yellow 
Size inµ 23.2-31.9 x 17.4-27.6; aver. 16-23 x 16-22.4; aver. 26.5-35.6 x 22.4-25.6, aver. ovals: 19.8-22.5 x 16.2-
27.2 x 21.9 19.2x15 32 x25.6 19.5; aver. 21.2 x 18.2. 
Rounds: 18-21.6; aver. 
19 
Micropyle + 0 + 0 
Envelope double double double 
Residual body + 0 0 
Polar granule 0 0 0 
Form index 0.70-0.91; aver. 0.85 
Spores: 10.2x8.5 16 x 9.6 
Size 
Sporozoites: 
Size 
Sporulation time 
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21.6µ; average 19.0µ.. The oval forms measured from 19.8µ.-22.5µ x 16.2µ.-
19.5µ.; average size, 21.2µ x 18.2µ.; most frequent size (27 out of SO speci-
mens) , 21.6µ. x 18.0µ.. The form-index was 1: 0.70-0.90; average, 1: 0.85; 
most frequent, 1: 0.83. 
There is no residual body in the oocyst during sporulation, but one 
appears in each sporocyst. Neither is there a polar granule in the oocyst. 
The oocysts of the second type distinguish themselves from Eimeria 
citelli by the absence of an oocystic residual body, by their yellow color, 
and by the absence of a double membrane. They differ from E. beecheyi in 
color, in the absence of a polar- granule, and still further by the fact that 
they produce some round forms, which seem not to occur in E. beechyi. 
We name this coccidium Eimeria beckeri in honor of the American 
parasitologist, E. R. Becker, who has worked much with the Coccidia. 
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PLATE I 
Sporulated Oocysts of Coccidia from Citellus pygmaeus. 
Fig. 1. Eimeria citelli. 
Fig. 2. Eimeria beckeri n. sp. 
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The "oligodynamic effect" of the heavy metals on micro-organisms is 
familiar through its practical application in water purification. The term 
was suggested by Nageli for the toxicity of metals at extreme dilution 
and has since been extended to include similar effects produced by "metals 
at a distance." While the oligodynamic effect is easily produced and 
readily recognized, oligodynamic action is not satisfactorily explained by 
the theories that have been advanced. These theories, according to 
Buchanan and Fulmer (1930), are of two types," ... the one associating 
it with various theories of emanations, imponderable agents and the like 
and the other based upon the working of colloidal phenomena, especially 
adsorption." Much of the evidence upon which these theories rest is con-
fusing because of complex and ambiguous experimental conditions. An 
attempt has been made in this laboratory to simplify conditions and limit 
possibilities in oligodynamic experiments through the use of a liquid 
medium of known composition, small seedings of pure culture yeast, and 
metals placed outside silica or glass containers at a distance of 1 to 2 mm. 
EXPERIMENTAL 
The medium used in this investigation was prepared by dissolving 
5 g. sucrose; 2 g. monopotassium acid phosphate; 2.3 g. magnesium sul-
phate; and 0.2 g. calcium chloride in one 1. distilled water. The sucrose and 
salts were "chemically pure" and the water was redistilled from glass 
apparatus. The solution was sterilized by heating it to boiling in plugged 
Pyrex flasks on three successive days and was then stored. The yeasts 
used were well acclimated to this medium and grew slowly but satisfac-
torily in it. Seeding suspensions, made from two-day-old cultures in the 
medium, were of a cell concentration such that one or two drops could 
be used for the inoculation of a measured volume of medium. The initial 
cell concentration of the cultures, + or - 1 cell per unit volume, varied 
in different sets but was approximately the same in all the tubes of any 
one set. Changes in cell concentration were estimated by count in a 
Levy hemocytometer, one of the nine large squares serving as the unit 
of volume. The cultures were incubated at 28°-30°C. and counts were 
made at stated intervals. 
EFFECT OF METALS ON YEAST CULTURES 
Preliminary experiments on the oligodyna ct of metals on 
yeast cultures enclosed in glass were made in 50 cc. Erle 
' The author wishes to acknowledge her indebtedness to the Departmeftt-of ~ 
Chemistry, Iowa State College; and to express her appreciation of the interest taken 
by Professor Coover, Professor Fulmer and Professor Brown in these experiments. 
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with glass caps over the cotton stoppers. As soon as inoculated, these 
flasks were placed on pieces 0£ freshly cleaned sheet copper, iron, lead or 
aluminum and put in an incubator together with control flasks on a card-
board tray. The daily cell-count for the flasks incubated on the metal 
trays was higher than that for the control. When counting became diffi-
cult because 0£ increased cell concentration, the cultures were poured into 
test tubes and their turbidity compared by Peskett's method (1927) . 
The turbidity 0£ the tests was without exception greater than that 0£ the 
controls. Similar results were obtained with two strains 0£ Saccharomyces 
cerevisiae, two strains 0£ S. ellipsoideus, a cider yeast "K,'' a top distillery 
yeast "XII" and a yeast isolated from a commercial yeast cake. In these 
experiments there was no doubt as to the difference between multiplica-
tion in the control and test cultures. It also seemed reasonably certain 
that the cause 0£ the difference emanated from the metal trays and simi-
larly affected different yeasts. 
In the following experiments, tubes and individual metal jackets were 
substituted for flasks and metal trays. The metal jackets were one and 
one-half inch lengths 0£ brass, steel or lead tubing, aluminum extraction 
thimbles, and cylinders 0£ heavy silver foil 0£ approximately five-eighths 
inch in diameter, in which the culture tubes fitted loosely. Holders for 
these were wood blocks each with six holes with a metal disk at the bot-
tom. When in the jacket, the distance 0£ the culture from the metal was 
the thickness 0£ the tube wall plus the air space between the tube and its 
jacket. The distance was not uniform but was approximately 1 to 2 mm. 
Five cc. 0£ sterile medium was measured into sterile tubes and as nearly as 
possible, equally inoculated from a suspension 0£ yeast "K". The tubes 
to serve as test cultures were placed in holders with metal casings, the 
controls in one without, and the loaded holders put in the incubator. Cell 
counts were made after twenty-four, forty-eight, and seventy-two hours, 
COMPARISON OF QUARTZ AND GLASS CULTURE TUBES 
The object 0£ the following experiment was to determine the relative 
merits 0£ quartz and glass for the transmission 0£ the activating agent 
from the metals. The culture vessels tested were Vitreosil test tubes 
0.5 x 4.0 in.; glass vials, 0.75 x 3.24 in.; ordinary glass test tubes, % x 5 in.; 
and thin-walled glass culture tubes % x 6 in. Cell counts were made at 
twenty-four- hour intervals. Those recorded in table 1 are averages for 
the six cultures in each holder. The percentage gain or loss was calcu-
lated from these averages. 
Cell multiplication in the three kinds 0£ culture vessels exhibited 
different degrees 0£ oligodynamic influence. The cell increase in twenty-
four hours in the jacketed Vitreosil tubes was less than in the controls; in 
the glass vials there was a fairly uniform gain over the controls; and in 
the thin-walled glass culture tubes the gains were significant. These re-
sults are interpreted as indicating that quartz transmitted from the metals 
enough 0£ a stimulating factor to be repressive to multiplication but not 
lethal to the cells; while that which glass transmitted was probably dif-
ferent in both quality and quantity and produced a milder stimulation 
and beneficial effects. 
TABLE 1. Comparison of vitreosil tubes, glass vials and glass tubes 
Control Brass Steel Lead 
24 48 72 96 24 48 72 96 24 48 72 96 , 24 48 72 96 hrs. 
Vitreosil Ave. no. cells 
Tubes 6 88 299 4 98 504 4 85 464 4.5 95 332 per unit 
- 33 + 11 + 68 -33 - 3.4 + 55 -25 +8 + 11 P'c't'g. Inc. 
Glass 
Vials 4.3 73 484 5.8 94 808 6 96 648 6.6 95 696 cells 
+ 35 + 28 + 67 +39 +31 + 33 +53 +30 + 45 Percentage 
Glass 
Tubes 4.6 109 516 6.2 110 612 5 67 520 7.1 80 768 cells 
+ 33 - 0.8 + 18 + 4.7 -38 + 0.8 +57 -26 + 48 Percentage 
Glass 
Culture 
Tubes 4 73 230 262 8.5 78 317 402 7.5 76 278 390 7.7 76 289 389 cells 
+112 + 6 + 38 + 53 +87 + 4 + 21 + 45 +92 +4 + 26 + 48 Percentage 
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CULTURES INCUBATED IN METAL JACKETED GLASS TUBES 
Since in the experiment above the effect of the metals on the cultures 
in glass tubes was pronounced and on the whole positive rather than nega-
tive and since the response of the different yeasts tested was apparently 
the same, glass culture tubes and yeast K were chosen for use in this and 
the following experiment. The procedure was the same as that given in 
detail in the test of quartz and glass tubes. The cultures in thin-walled 
glass tubes were incubated in copper, steel, lead, aluminum and silver 
jackets at 28° to 30°C. The length of exposure of the culture to the ac-
tion of the metal corresponded to the time of cell counts which were made 
at twenty-four hour intervals. The percentage gain or loss was calculated 
from average counts as in table 1. The results expressed in percentage 
are given in table 2. 
The figures in table 2 show for twenty-four hours an irregular bene-
ficial effect of the metal jackets upon cell multiplication, and for forty-
eight hours an inhibitive effect. Under the conditions of the experiment, 
the influence of the metals may be assumed to have continued throughout 
the period of incubation. However, additional factors must certainly 
affect cell multiplication in the later stages of culture growth. It is only 
at low cell concentration, when mitogenetic radiation (Borodin, 1930. 
Gurwitsch, 1932) and other agencies are least and, unfortunately, the 
percentage of error greatest, that the influence of the metals can be esti-
mated. The results of this experiment established the fact of the sensi-
tiveness of yeast cells to a probable oligodynamic radiation from metals 
separated from the culture by glass walls. Taken as a whole, the experi-
ment indicates the metal as the source of a variable radiation, but fur-
nishes no definite information as to its cause or classification. 
EFFECTS OF METALS ON THE MEDIUM 
In the experiments already described the cells and medium were 
alike exposed to the radiation from metals. From the results of these no 
opinion could be formed as to whether the radiation reached the cells 
directly, or was transmitted or absorbed by the medium. In order to test 
these possibilities, sterile glass culture tubes containing 5 cc. of medium 
were placed in the metal jackets and allowed to stand in closed cupboards 
at laboratory temperature. At the expiration of a given time, the tubes 
of medium were transferred to racks and, together with the controls, 
inoculated, incubated and counted as already described. The results 
expressed as percentage gain or loss are recorded in table 3. 
In spite of the fact that the results in table 3 are characterized by 
irregularities, they do furnish evidence of the reception by the medium 
of radiation from the metal jackets. In this experiment the metal casings 
were not protected from the atmosphere of a chemical laboratory. Under 
these conditions the variety and extent of the reactions which must have 
taken place on the surface of the metals become matters of conjecture. 
If it is assumed that the radiations were caused by these devious reactions, 
irregularity in results is to be expected. 
A superficial test of the correctness of this assumption was made by 
substituting closely fitting jackets of metal foil for the loosely fitting cas-
v' ings of metal tubing. A clean strip of copper foil, about one and one-half 
TABLE 2. Cultures in metal jacketed glass tubes 
Brass Steel Lead Aluminum Silver 
24 48 72 96 24 48 72 96 24 48 72 96 24 48 72 96 24 48 72 96 hrs. 
+ 73 +22 +26 +63 +58 +23 +24 +70 +78 +22 +12 +32 +78 +48 +43 +60 Pctg. Inc. 
+133 0 +33 +54 +63 0 +1 +30 +76 0 +24 +n +77 + .5 +17 +96 Pctg. 
+126 +2 +54 +52 -8 +7 +20 +7 +12 +12 +i +41 " 
+ 31 - 19 0 +24 + 8 - 19 - 11 +29 +10 - 28 +17 +32 " 
+ 28 +25 +20 - 25 - 28 - 7 - 35 - 15 -26 - 48 - 30 + 6 +26 +26 +7 " 
+101 +5 +46 +40 +51 +io + is +40 +61 + 2 - 5 +28 +so +25 + 35 +89 +47 +26 +32 +39 " 
+140 +19 +52 +92 +48 +2 +26 +59 +41 -9 +6 +35 +10 +15 +40 +91 +39 +19 +21 +45 Pctg. 
TABLE a. Medium exposed in metal jacketed glass tubes 
. 
>< 
"'"d 
"'"' » Brass Steel Lead Aluminum Silver "0 
o"' ~ 
24 48 72 96 24 48 72 96 24 48 72 96 24 48 72 96 24 48 72 96 hr. 
a 0 + 42 -4 0 +44 -s -7 - s + 12 +6 + 20 + 27 Pctg. 
4 +26 - as -26 - 14 + 14 - 55 + 1 +2 -27 -29 -27 -aa -56 -20 - 41 -22 -1.5 +al - lS +11 ,, 
4 +so + a2 +26 +141 +20 +62 +s1 + 16 +12 +16 + 16 + 26 +a9 + 16 + 16 " 
5 0 +las +as - 1 +ss +40 +67 +laO +sa + s + 17 + 19 +as ,, 
7 +46 +114 +as - 17 -al -50 -16 +s2 -29 +147 +140 +67 +148 +211 ,, 
7 +25 + 61 +66 +4a + 41 + a2 " 
7 +14 + a6 +ao -a9 - 6 + ao ,, 
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inches wide, was tightly wrapped around a glass test tube and the lower 
edge bent in to cover the bottom as smoothly as possible. The foil jacket 
was held in place by a covering of gummed paper pasted to the tube at 
the upper edge. Other tubes were similarly jacketed with silver foil and 
others were imbedded in melted lead in shorter tubes of larger diameter. 
The chances of chemical action between the metals and the atmosphere 
were thus appreciably reduced. Two tubes in platinum cylinders were 
added. Both cultures and medium were exposed in these tubes and in 
tubes in metal casings to serve as controls. Unexposed controls were in-
cluded when the cultures were incubated. Cell multiplication in the foil 
jacketed tubes differed much less from that in the unexposed controls 
than from that in the exposed controls. The gain or loss for the first twenty-
four hours in the platinum cylinders varied for the exposed cultures from t,/ 
+ 12 per cent to + 5.6 per cent and for the exposed medium from + 5.1 
per cent to - 2 per cent. Under the conditions of the experiment the re-
sults obtained cannot be regarded as proof of the correctness of the 
assumption that incidental chemical reactions on the surface of the metals 
were responsible for the radiation, but may be considered as evidence in 
favor of it. 
EXPOSURE OF THE MEDIUM IN GLASS FLASKS 
In order to secure a more uniform exposure of the medium, glass 
fl.asks instead of tubes of medium were placed in metal holders of various 
kinds and allowed to stand in closed cupboards at laboratory temperature 
for longer or shorter periods. The metal holders used in this experiment 
were an iron mortar, a copper retort in two sections, and a deep lead dish 
hammered from heavy sheet lead. The fl.asks chosen were of thin glass 
and of shape and size to fit snugly into the metal holders. They were 
sterilized, filled with sterile medium to the top of contact with the metal, 
plugged with cotton and capped or stoppered with glass, and occasionally 
shaken during exposures of from ten to thirty days. The exposed medium 
was mea•ured into culture tubes, ten for each set, and inoculated together 
with controls of unexposed medium. The exposed medium was tested un-
heated, after heating to boiling, and after standing in the refrigerator and 
at room temperature. Inoculation was the same for a single series repre-
sented in table 4 by percentages on the same horizontal line. V 
Cell counts in the tubes of the same set were more nearly alike for 
cultures in medium which had been exposed in bulk than in medium 
which had been exposed in individual tubes. This would indicate a greater 
uniformity in the irradiation of the medium when exposed in bulk. If the 
radiations were constant, then the percentage gain or loss in cell increase 
should be comparatively uniform for a given length of exposure. But the 
figures for ten-day exposures in the forty-eight hour column of table 4 v-
range from + 110 per cent to + 228 per cent for copper and from + 22 V 
per cent to + 131 per cent for iron. This may be accepted as evidence in 
favor of the view that uncontrolled chemical reactions on the surface of 
the metals might be responsible for the radiation. (Braunstein, 1932. 
Potozky, 1932.) 
It is further shown by the results in table 4 that heating the exposed 
medium to boiling did not destroy the effect of the radiation. Some de-
terioration on standing is indicated by the results of No. 7 and No. 8. In 
TABLE 4. Medium exposed in glass flasks 
I Copper Iron Lead l< ell.,, 
Unheated Heated Unheadted Heated Unheated Heated rlJ &l 
0 >. 0 
z d °' 24 48 72 24 48 72 24 48 72 24 48 72 24 48 72 24 48 72 hrs. 
1 10 +52 +no +so + 22 Pctg. Inc. 
2 10 +87 +228 +so +1311 -48 + 8 -46 - 5 Pctg. 
s 10 - 45 - 14 +51 -2 +14 +28 " 
4 10 +52 + 86 +44 +49 +s1 +41 " 
5 10 +62 +141 +55 +56 +lSO +49 +s7 + 26 +20 " 
6 10 +s2 +190 +61 +77 +181 +56 " 
7 +n +176 +54 +67 +160 +60 " 
8 +64 +142 +48 " 
9 15 +29 + 20 +s4 +76 + 22 +so " 
10 15 -1.S + 2 - 1.7 +16 " 
11 20 -18 - Sl --62 - 7 - 8 -12 " 
12 10 +74 +120 +63 +69 +100 +5s " 
15 +20 + 17 +22 " 
20 + S.8 + 12 I " 
--
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these tests the unused medium from No. 6 was stored for three weeks, 
that for No. 7, unheated, in a refrigerator and that for No. 8, heated, at 
room temperature. In Nos. 12, 13 and 14, the medium was exposed in a 
copper retort for ten days and a portion then removed for use in No. 12. 
The remainder of the medium was heated to boiling, returned to the retort 
for five days and a portion removed for use in No. 13. The remainder was 
again heated and after an additional exposure of five days was used in 
No. 14. The results obtained in this test and those of No. 11 for copper, 
and those of Nos. 2 and 3 for lead suggest the possibility of over-irradiation 
of the medium. 
SUMMARY 
It has been demonstrated that the multiplication of yeast cells in a 
synthetic medium may be influenced by metals placed in close proximity 
but outside quartz or glass containers. It has also been demonstrated that 
the mitogenic effect is qualitatively the same, whether the cells and 
medium, i. e. the culture, are irradiated or the medium alone is exposed 
and subsequently inoculated. It would seem reasonably certain that the 
mitogenetic rays came directly or indirectly from the metals. It follows 
that oligodynamic action, as exhibited in these experiments, is a radiation 
phenomenon. 
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THE DEFLECTION OF AN ISOTROPIC RECTANGULAR PLATE 
UNDER THE ACTION OF CONTINUOUS AND CONCENTRATED 
LOADS WHEN SUPPORTED AT TWO OPPOSITE EDGES1 
D.L.HoLL 
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Accepted for publication November 8, 1934 
Herein is given the solution for the bending of an isotropic rectan-
gular plate of constant thickness, simply supported at two opposite edges 
and subjected to different types of normal loads. Mathematically, the thin 
plate is treated as a plane surface in the unstrained state and the energy 
stored in the plate in the strained state is considered as due to flexural 
stresses. 
In the general case one pair of edges is supported or pinned so that 
no deflections or moments are permitted, and the other pair of opposite 
edges is entirely free. In this case a uniformly loaded rectangular area is 
applied normally to the plate. The results are given for a finite rectangle 
as well as for a rectangle of infinite length (designated infinite plate 
strip.) By a suitable limiting process the loaded area may be shrunk in 
such a manner as to become a continuous line load or even a concentrated 
load. In the closing section the case of a plate with one pair of edges 
pinned and one pair clamped is obtained from the earlier case by a special 
device. 
EQUILIBRIUM EQUATIONS 
The initially plane middle surface of the plate will be taken as the 
plane of the rectangular cartesian coordinates x,y and the edges of the 
plate will be segments of the lines x= o, x = a, 2y = ± b, so that we 
have a plate of dimensions a by b symmetrical with respect to the x axis. 
The plate is considered to be of small uniform thickness 2h, and the flex-
ural rigidity N of the plate is given by 
2Eh8 
N= ' .................................... (1) 
3 (1 - µ.2 ) 
where Eis Young's modulus andµ. is Poisson's ratio. 
The plate is subjected to a uniform pressure p, applied normally to 
one of its faces over a rectangular area 2 c by 2 d, whose sides are parallel 
to the edges of the plate and whose centroid is at x0 , y0 (fig. 1). The de-
flection w = w (x,y), or the displacement of a point on the middle sur-
face in the direction of the pressure p, is to be determined so that the 
equilibrium equation 
1 Submitted to the American Mathematical Society Nov. 26, 1932. See abstract 
No. 283, Bul. A. M. S. 38 (No. 11). 
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Fig. 1 
o•w 04W 04W p 
':;4w=-+2--+-=- .................................................. (2) 
ox• ox2oy2 ox• N 
is satisfied at all points in the region 0 < x < a, - b < 2y < b, as well 
as certain further boundary conditions. As indicated in the figure, the 
right member of (2) is zero everywhere except in the region x0 - c < 
x < x 0 + c,y0 - d < y < y0 + d, where it is a constant. 
The conditions to be satisfied at the supported edges x = 0, x = a are 
w(O,y) = w(a,y) = \]2w(O,y) = \72w(a,y) =0, ................ (3) 
where V 2 stands for - + - . These conditions express the van-( 02 02 ) 
ox2 oy2 
ishing of the deflection and flexural moments. At the free edges 2y = + b, 
the vanishing of the transverse forces Ry and of the flexural couples M 1 
in planes normal to these free edges is expressed by 
R,=-N 
[ o2w 02w] ) -+ µ- =0 
oy2 ox2 ...................... (4) 
[ o8w o8w ] 
- + (2-µ)-- =0. 
oy8 ox 2oy 
M1 =-N 
To solve the problem, the plate is divided into three regions at 
y = y0 ± d, of which the outer two have no normal load, while the 
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middle section has a uniform load of intensity p over the range 
x 0 - c< x < x 0 + c. Designating the deflection functions* by W 1, W2, 
and W 0, for the two unloaded and one loaded portions respectively (fig. 1), 
one may construct a suitable function of the form2• 
W
1 
= ~:: 2: :~ y mn (y) sin kx0 sin kc sin kx )······························· (5) 
n7r 
k=-, (i=0,1,2), (n=l,2,3, ...... ), 
a 
where 
y mn = 8(1)n +A (l)n cosh ky + B (lln sinh ky+ C (IJD ky cosh ky + 
D <1>n ky sinh ky 
with 8(1)1 = 0 for i # 0, and 8(1'1=1 for i = 0 ........................................... (6) 
The conditions imposed upon (5) by equations (3) are satisfied 
identically for all values of y along the supported edges x = 0 and x = a. 
The three functions of (6) are so chosen that W1 of (5) satisfies (2) in 
the form8 
4p8(1)1 1 } \rW 1 = --- 2: - sin kxo sin kc sin kx, 
. N7r n ............... ............ (7) 
(1 = 0,1,2) , (n = 1,2,3, ..... ) , 
in which the right member is zero for i = 1,2, and for i = 0 it represents 
a constant load function in the middle section for the range x0 - c < x < 
x 0 + c only. The functions Y (l)n (y) of (6) are valid as follows: 
Y <1 >n for y >Yo+ d; 
y coin for Yo - d < Y <Yo + d; 
Y <2>n for y< Yo - d. 
It remains to determine the twelve constants in (6) which are A <0>n, B <0 >n, 
C <0 >n, D <0 >D for the Wo deflection function of the middle section bearing 
the load, and A <1 >n, B <1 >n, C <1>n, D <1 >n; A <2 >n, B <2>n, C <2 >n, and D <2>n for the 
functions W 1 and W 2 respectively in the unloaded sections of figure 1. 
DETERMINATION OF CONSTANTS 
Four of the necessary conditions for the evaluation of these constants 
are the conditions ( 4) at the free edges 2y = ± b. The remaining con-
• M. Levy, Comptes Rendus, 129: 535, 1899. 
• The use of divergent Fourier series in representing concentrated loads was in-
troduced by A. Mesnager, Comptes Rendus 164: 600, 1917. 
• In sequel the deflection function w of preceding equations will be denoted by 
Wo, W,, and W, for the respective sections of the plate in figure 1. 
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ditions arise in prescribing that the surface, its slope, the flexural moments 
and vertical shearing forces be continuous for all values x on the lines 
of juncture y = y0 ± d. These condi,tions are equivalent to prescribing 
that the functions W0 , W1, and W2 together with their first three deriva-
tives with respect to y be continuous. All these boundary requirements 
are expressed in the following equations: 
At Y=Yo+d; (W1-Wo) = (W1-Wo)y= (W1-Wo)"= 
(W1 - Wo) yyy = 0 
Y=Yo-d; (W2-Wo) = (W2-Wo) 1 = (W2-Wo) 11 = 
(W2 - Wo) m = 0 ..... (8) 
2y=b 
2y=b 
(W1yy + µ.W1=) = [W1m + (2 - µ.)W1u1 ] = i 
(W2yy + µ.W2xx) = [W2yyy + (2 - µ.) W2xxy]= 0. 
In order to represent the values of the above twelve constants and 
to analyze special cases which are given in the subsequent analysis, it is 
found convenient to introduce the following notation: 
2A1 = (3 + µ.) sinh kb - (1 - µ.) kb } 
2A2 = (3 + µ.) sinh kb+ (1 - µ.) kb (9) 
2A3 = (3 + µ.) cosh kb - (1 - µ.) ······················ 
2A4 = (3 + µ.) cosh kb + (1 - µ.) , 
A1 = sinh kd cosh ky0 } 
.\2 - sinhhkkdd sinhh kkyo .................................. (10) 
As = cos cos Yo 
~ = cosh kd sinh kyo , 
01 = 2A1 - kyoA2 - kdAs } 
02 = 2A2 - kkYoA1 - kkdd~ ................................ (11) 
Os = 2Aa - Yo~ - Ai 
04 = 2A4 - kyoAs - kd.\2 
With this notation the value of the constants in (6) which satisfy condi-
tions (8) may be expressed as follows: 
-A1 (A1A2 - AsA4) A401 
2A ci>n - 0 2 = 2AC0 >n +Os= 2AC2>n + 02 = +--
A1 (l - µ.) Ai 
-A2 (A1A2 - AsA4) As02 
2BC1 >n + 01=2BC0 >n - 04 = 2BC2 >n - 01 = - --
A2(l - µ.) A2 
2cc1 >n - .\1 = 2CC0 >n + A4 = 2cc2>n +Ai= : 2 { A2A4 - 0 2 (1 - µ.)} 
2DC1 >n + A2 = 2DC0 >n - As= 2DC2>n - A2 =Ail { AiAs + 01 (1 - µ.)} 
•In subsequent sections the equations (12), (13), and (14) refer to the three sec-
tions of the plate with deflection w,, Wo, and w., respectively. 
(12 
(U 
(14 
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where 
AaA4 - AiA2 = 2 (1 + µ.) + (1 - µ.) 2 (kb/2) 2• 
This completes the solution of the general case. The surface of the plate 
is completely represented by the equations (5), (6), (12), (13) and (14). 
The formal solution need not be written out in full for the general case, 
as it becomes greatly simplified in the following cases which are of special 
interest. 
CONTINUOUS LOADS 
Symmetrical Loads. Finite Rectangle. Consider the centroid of the 
loaded area to be upon the x axis. Then y0 = 0 and equations (9) to (14) 
yield the following: 
( ..\1 = sinh kd; ..\a = cosh kd; ..\2 = ,\4 = 0 2 = 04 = 0, } 
l A <1 >n ·-A<2>n= B <lln + B <2>n = C <1 >n + C <2>n = D <lln - D <2>n = 0. (l5) 
Hence the functions Y <lln for y >Yo+ d and Y <2>n for y <Yo - d are 
identical and give a symmetrical deflection surface. The function Y <0>n (y) 
for the loaded area is also an even function of y as B <0>n = C <0 >n = 0. 
When 2d = b, the loaded portion is a strip of width 2c extend,ing the 
entire distance between the free edges. It can be shown that the constants 
of (13) reduce to the following: 
sinh (kb/ 2) [ 1 2 ] 2A1A <0>n = ( 3 + µ.) - ( - µ.) (1- k 2b2 ) + A401 - AiOa (1 - µ.) 2 2 
= 211. ((1 + P.\sinh kb - kb cosh kb] (16) 
r 1-;J 2 2 2 1 .... 
2 D ( O) inhkb [(3 +fl-) 3 ] kb Ai n = S 2 ~ - 2 (1 - µ.) = 2µ. sinh 2 
' B <0 >n = C <0>n = 0. 
The complete solution is given by 
4pa4 1 
Wo = -- ~-(1 + A< 0>n cosh ky + D <0>0 ky sinh ky] sin kx0 sin kc sin kx. 
N1T6 n s 
(n = 1,2,3, . . . . . ) .... ........................ .. ............ (17) 
For a uniform load covering the entire plate, 2c = 2x0 = a, 
4pa4 1 } Wo = --2:-( 1 + A <0\ cosh ky + D <0>n ky sinh ky] sin ky. 
N1T6 ns ........... (18) 
(n = 1,3,5, . . . . . . ) · 
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This solution becomes the same as that obtained by Estanave5, who used 
µ= 14. 
Infinite Plate Strip. For the case of an infinite plate strip simply 
supported at x = 0 and x = a, and subjected to a finite loaded area, the 
equations (15) are valid since y 0 = 0. As b becomes infinite, the following 
limiting values hold: 
AiA2 - AaA4 AiA2 - AaA4 Oi 
lim lim lim -=0, 
b~oo Ai HOO A2 b~oo Ai 
.......... (19) 
As A4 As A4 
lim lim 
-
lim lim --=l 
b~oo Ai b~oo Ai b~00 A2 b~oo A2 
Then the solution will be given by (5) and (6) if the following values of 
the constants [obtained from (12), (13), (14), (15) and (19)] are used. 
2A<1 >n"'""" 2A<2>n = - 2B<1 >n = 2B<2>n = 2 sinh kd - kd cosh kdl 
2C<1 >n = - 2c<2>n = - 2D(l)n c= - 2n<2>n = sinh kd 
..... (20) 
2A<0>n~ (2 + kd) (sinh kd- cosh kd) 
2D<0>n = (cosh kd - sinh kd) . 
When d~oo, A <0>n = B <0>n = C <0 >n = D 10\ = 0, and Y <0>n = 1, the deflec-
tion surface is 
4pa4 00 1 . . . W0 = --l- sin kx0 sm kc sm kx ................................................... (21) 
N7Ts 1 ns 
If 2c = 2x0 = a, there is a uniform load over the entire infinite strip, and 
the deflection becomes that of a uniformly loaded beam6• 
p 4pa4 1 
W 0 = -- (x4 - 2ax3 + a3x ) = -- ~-sin kx. (n = 1,3,5, . . . . . ) . 
24N N7T5 n 5 
LINE LOADS AND CONCENTRATED LOADS 
Line Loads parallel to the Supported Edges. For a finite rectangle the 
general case is applicable. If c approaches zero in such a manner that 
2 pc remains finite and equal to q, which is the linear density along the 
n7TC 
line x = x 0, then, when the right number of (5) is multiplied by -- = 1, 
akc 
it follows that 
• E. Estanave, Paris Thesis 1900, "Contribution a l'etude de l'equilibre elastique 
d'une plaque rectangulaire mince." 
•A. Nadai. "Elastische Platten." p. 70. Springer, 1925. 
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2qa8 00 1 
W1 = --l-ymn (y) sin kx0 sin kx, (i-= 0,1,2) ........................ (22) 
N1T' 1 n• 
In (22) the values (12), (13), and (14) are used. When 2d = b, 
2qa8 00 1 . 
W0=--~-[l+A<0Jn cosh ky+D<0\ ky sinh ky] sin kx0 sin kx, 
N?T4 1 n' 
where A <0Jn and D <0 Jn are given by (16). 
For the infinite plate strip, the results are obtained from (20) and 
(22) above. 
Line Loads parallel to the Free Edges. If d approaches zero in such 
a way that 2 pd remains finite and equal to q, the line density on y-= y0, 
n?Td 
then multiplying the right member of ( 5) by -- = 1, we find that 
akd 
2qa8 00 1 W 1 = --l-Yma sin kxo sin kx, (i = 1,2) ...................... (23) 
N1Ts i n' 
in which the functions y ciin and Y <2l0 have terms involving >..i/ (kd) 
(j = 1,2,3,4) in the constants A <1 lnA<2>n, ... ,Dmn, D <2>n· The limit-
ing values of the required terms are: 
.......... (24) 
Then for a finite rectangle the solution is given by (23) when the values 
of (24) are used in (12) and (14). 
In particular if y0 = 0 and the line load is upon the x axis, the de-
flection surfaces are given by (23) in which the constants are 
A4 (A1A2-AaA4) 
2A<1 >n=2A<2>n=-------
A1 Ai (1 - µ) 
2B<lln=-2B<2ln= -1 
2C<1 ln = - 2C<2 Jn = 1 
-Aa-(1- µ) 
2D<1 >n = 2D<2 >n = ------
......................... (25) 
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The symmetry is evident since W1, for y>O is identical with W2 for y<O. 
For an infinite plate strip, y0 = 0 and the load is on the x axis, then 
equations (19) and (25) give 
A <1 >n = - B <1 >n = C<lln = - D <1 >n = 1h, 
and the deflection7 of the infinite strip is 
qa8 oo 1 
W1 = -- :2: - (1 + ky) e-k.r sin kx0 sin kc sin kx .......................... (26) 
N?r4 i n4 · 
Concentrated Loads. If c approaches zero in such a way that 2qc be-
comes a concentrated load P at the point (x0,y0), then it follows from (23) that 
Pa2 oo 1 
W1 = --l-Y (l)n (y) sin kxo sin kx, (i = 1,2) ............................ (27) 
N?rs ins 
in which the constants of (12) and (14) have the values: 
- A.1 (A1A2-A3A4) A401 
2A<1>n=2A<2>n+ 202= +--+02 
A1 (1- p.) Ai 
- A.2 (A1A2-A3A4) Ag02 
2B<1 >n = 2B<2 >n - 201 = - -- - 01 
1 
2C<1 >n = 2C<2>n + 2A.1 = -
A2 
1 
2D<1 > n = 2D<2> n - 2.\2 = -
A1 
A2 (1- p.) A2 
{ .\2A4 + A.1A2 - 02 (1 - p.) } 
{ - A.2A1 - A.1A3 - 01 (1 - p.) } 
1 
.(28) 
The limiting values of A.1, .\2, 01, and 0 2, already found in (24), are to be 
used here. 
For a load on the central axis at (x0,0), the complete solution for a 
finite rectangle is 
{ ( A3 + (1 - p.)) }] 
- sinh ky 1 + ky A1 sin kx0 sin kx. . .............. (29) 
For the case of a centrally loaded rectangular plate with two edges free, 
A. E. Love8 gives a solution involving the singularity under the load and 
1 A. N adai. 1. c. p. 81. 
•A. E. H. Love. Proc. Royal Soc. of London, Ser., A, 118: 427. (1928.) 
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certain biharmonic functions given by infinite series 
some of which are expressed by infinite sums. 
When b~ oo one obtains as a special case of (29) 
with coefficients 
Pa2 oo 1 [ ] W1=--~- (l+ky) coshky- (l+ky) sinhky sin kx0 sin kx 2N7rs ins 
Pa2 co 1 
= -- ~ - (1 + ky) e-ky sin kx0 sin kx, ........................................ (30) 
. 2N7rs ins 
for the deflection9 of an infinite plate strip due to a concentrated load at 
(x0,0). This result may be verified directly from (26). 
PINNED-CLAMPED PLATE 
The problem of a rectangular plate which is pinned at two opposite 
edges and clamped at the other pair of edges, under the action of similar 
loading conditions as the previous case, is added since it may be obtained 
from the "pinned-free" plate by a device other than the usual super-
position of an additional solution of the homogeneous plate equation. 
At the clamped edges 2y = + b, the conditions replacing ( 4) are 
W 1 ( x, ± ;)= 0: 1 = 0, (i = 1,2) .......................................... (31) 
When the last four conditions of (8) are replaced by (31), it is noted that 
the constants of (12), (13) and (14) will not contain µ., while in the 
"pinned-free" plate the two combinations of (3 + µ.) and (1 - µ.) are due 
to conditions ( 4). A critical comparison of the forms resulting from oper-
ating on ymn and Y <2 >n, of (6), by (31) with the corresponding ones re-
sulting from (4), will show that if the expressions (3 + µ.) and (1- µ.) 
are replaced by + 1 and - 1, respectively, the solutions for the "pinned-
clamped" plate may be obtained from the problem considered earlier in 
this paper. 
The constants, corresponding to (12), (13) and (14), for the "pinned-
clamped" plate in the general case of a rectangular area of loading, are 
the following: · 
201 sinh2a - 2.\1a21 2A <1 >n - 02 = 2A <Oln + !la= 2A <2ln + 02 = -------
2a + sinh 2a 
202 cosh2a + 2.\2a2 
2B<1 >n + 01 = 2B<0>11 - 04 = 2B<2>n - 01 = -------
2a - sinh 2a 
- 202 - 2.\2 sinh2a 
2C<1 >n - .\1 = 2C<0>n + ,\4 = 2C<2 >n + .\1 = -------
2a - sinh2a 
201 - 2.\1 cosh2a 
2D<lln + .\2 = 2D<0>n - A3 = 2D<2>n - A2 = -------
2a + sinh 2a 
•A. Nadai. 1. c. 
........ (32) 
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in which 2a - kb. 
The explicit form for W 1 is expressed by 
W1 = -- l - sin kx0 sin kc sin kx cosh ky +-4pa
4 co 1 [ {01 sinh2a - .\1a2 0 2} 
N""5 1 n5 2a + sinh 2a 2 
+sinhky -- + yco y -------. {02 cosh
2a + .\2112 01} k sh k {"'1 02 + .\2 sinh2a} 
2a - sinh 2a 2 2 2a - sinh 2a 
k . {01 - .\1 cosh2a .\2 } ] + ysinhky --
2a+sinh2a 2 . 
b (Yo+ d < y < 2)········(33) 
Equations for W0 and W2 similar to (33) may be obtained from (5) and 
(6) by inserting the appropriate constants from (32). These equations 
confirm the results of H. Schmidt10 obtained for the same type of load-
ing and the same boundary conditions. 
The solution for a uniformly loaded plate is 
4pa4 1 [ l (2 sinh a + 2a cosh a ) h k Wo~--l- - cos y 
N""5 n 5 2a + sinh 2a 
+ ( 2ky sinh a )sinh ky] sin kx, .............................................. (34) 
2a + sinh 2a 
in which n~ 1, 3, 5, .... 
The soluti.on for a concentrated load at (x0,0), is 
W Pa2 00 1 [ (2 sinh2a - 2a2) cosh ky - 2 ky sinh2a sinh ky 1- --l-
2N?r8 1 n 8 2a + sinh 2a 
- sinh ky + ky cosh ky l sin kxo sin kx, ( k - an""). .......... (35) 
where 2a = kb. This yields known solutions 11 for the centrally loaded 
pinned-clamped plate. 
The results of (34) and (35) may be obtained directly from the ex-
plicit forms of (18) and (29) by the replacements mentioned. Any further 
cases will follow from equations similar to (33), since these do not con-
tain P.· 
1
• H. Schmidt. Zeitschrift f. Ang. Math. und Mechanik, Band 12, Heft 3, S. 142. 
11 S. Timoschenko. Der Bauingenieur, Heft 2, S. 51, 1922. H. M. Westergaard. Pub-
lic Roads, Journal Highway Research, U. S. Dept. of Agriculture, 11, (No. 1) 1930, p. 20. 
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CONCLUSION 
Using a lemma of Levy, the author obtains the deflection of a rectan-
gular plate uniformly loaded over a portion of the plate which is bounded 
by lines parallel to the edges of the plate. For a plate with two opposite 
edges simply supported and two edges free, the solution is readily ob-
tained if the plate is divided into three strips and the necessary conditions 
are satisfied at the lines of division. By specialization, the important cases 
of uniform loading, line loading, and concentrated loads are derived for 
the finite rectangle and for the infinite plate strip. A critical study of the 
boundary conditions enables one to derive the case of two edges simply 
supported and two edges clamped from the previous case. All the special 
cases check with results previously obtained by other writers. 
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These migration data on shore birds were taken while studying and 
making observations on migratory waterfowl in northwest Iowa from 
March 12 to July 28. As the shore bird data for this part of Iowa were 
limited, much time was spent in the field every day checking the arrivals 
and numbers of the respective species. 
When there was any doubt as to the identification of a bird, collecting 
was done. All specimens taken are now in permanent possession of the 
Zoology Department, Iowa State College, Ames, Iowa. 
The following graphs (figs. 1-4) give complete populations on dates 
recorded from the time each species was first seen until the flight was 
over. The discussion under each species gives a short summary about the 
type of habitat in which it was observed. 
PIPING PLOVER 
Charadrius melodus Ord. (Fig. 1) 
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Between the dates of 
May 3 and May 19, eleven 
birds of this species were 
seen. Eight of these birds 
were on the sandy beaches 
of Lost Island Lake in 
Clay County; three on the 
mud flats of a small pond 
in Palo Alto County. One 
bird was collected May 3, 
Lost Island Lake, Clay 
County. 
SEMIPALMATED PLOVER 
Charadrius semipalmatus 
Bonaparte (Fig. 3) 
One of the common mi-
grants through Clay and 
Palo Alto Counties. The 
first arrivals were noted 
May 2. They were seen 
from that time on until 
June 5. In practically all 
cases they were observed 
on sandy beaches. 
KILDEER 
. . . . . Oxyechus vocif erus 
F1g .. l : Sprmg flight of U~land Plover, Stilt Sandpiper, vociferus (Linnae ) 
P1pmg Plover, Sanderling, Ruddy Turnstone and us 
Solitary Sandpiper. On March 16 five kil-
1 Journal Paper No. Jl95 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 320. 
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deers were seen on Lost Island Lake, Clay County, the first shore birds 
of the season. From that time on they were seen until late in April The 
killdeer seemed to be the most versatile of all our shore birds as to feed-
ing and wading places chosen. One would see them on sandy beaches, 
mud fiats, drainage ditches, and in stubble fields. It would be rather 
difficult to determine the last date of spring departure as they are com-
mon summer residents throughout the state. 
AMERICAN GOLDEN PLOVER 
Pluvialis dominica dominica (Mi.iller) (Fig. 3) 
This species is a rather scarce migrant. Eleven birds were seen May 7 
on mud fiats near Lost Island Lake in Clay County. Two were observed 
on a rocky reef in Lost Island Lake, Clay County, May 17. A single bird 
was recorded on May 28 for Round Lake, Clay County. 
BLACK-BELLIED PLOVER 
Squatarola squatarola (Linnaeus) (Fig. 3) 
This bird was seen a number of times from April 27 to June 1. Seven-
teen, the largest number of birds of this species seen at one time, were 
observed on a sandy point in Trumbull Lake, Clay County, May 28. One 
specimen was collected on Lost Island Lake, Palo Alto County, May 22. 
At all times these birds were on rock or sandy beaches. 
RUDDY TURNSTONE 
Arenaria interpres morinella (Linnaeus) (Fig. 1) 
Fifty-two birds of this species were seen from May 11 to June 2; 
twenty-five were observed on May 22 in Clay and Palo Alto Counties. 
Many were seen running in and about the bullrushes and other sedges 
back from the water's edge. 
WILSON'S SNIPE 
Capella delicata (Ord.) (Fig. 3) 
A common migrant through northwest Iowa and may be seen on 
practically all of the sloughs and marshes from April 22 to May 16. 
UPLAND PLOVER 
Bartramia longicauda (Bechstein) (Fig. 1) 
A rather common migrant and nesting species in Clay and Palo Alto 
Counties. These birds were seen from May 5 throughout the summer in 
the meadows and pastures. 
SPOTI'ED SANDPIPER 
Actitis macularia (Linnaeus) (Fig. 3) 
A common migrant and nesting bird, first observed May 1. 
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EASTERN SOLITARY SANDPIPER 
Tringa solitaria solitaria Wilson (Fig. 1) 
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Fairly numerous from May 21 to June 1. This bird was seen more 
often in wet places overgrown with vegetation, such as sloughs and 
marshes. 
WESTERN WILLET 
Catoptrophorus semipalmatus inornatus (Brewster) 
An uncommon migrant. The following were recorded for this area. 
One, May 1 (collected), Lost Island Lake, Clay County; two, May 7, Lost 
Island Lake, Clay County; two, May 11, Lost Island Lake, Palo Alto 
County; and one, May 16, Lost Island Lake, Palo Atlo County. All birds 
were seen feeding in clear, shallow water. 
GREATER YELLOWLEGS 
Totanus melanoleucus (Gmelin) (Fig. 2) 
A moderate continuous flight took place · from April 6 to May 5. 
These birds were seen in almost any sort of wet habitat. 
LESSER YELLOWLEGS 
Totanus flavipes (Gmelin) (Fig. 4) 
A very common migrant. Seen from April 8 to June 3. Like the 
Greater Yellowlegs, this bird seemed to frequent all sorts of wet places. 
AMERICAN KNOT 
Calidris canutus rufus (Wilson) 
Dr. Paul L. Errington and the writer observed fourteen of these birds 
May 21 on the rocky shore of Lost Island Lake, Palo Alto County. The 
birds were observed at close range through ten power binoculars. The 
bright red underparts, comparatively short bill, and upon flushing, their 
close, compact flight formation, left no doubt as to their identification. 
PECTORAL SANDPIPER 
Pisobia melanotos (Vieillot) (Fig. 2) 
Hundreds of these birds migrated through this region. They were 
observed from April 2 to June 2. They were seen in pastures, mud flats, 
sandy beaches, and along marshy shore lines. Especially after rains they 
could be seen scurrying and flying over the pastures and meadows. 
WHITE-RUMPED SANDPIPER 
Pisobia fuscicollis (Vieillot) (Fig. 2) 
One of our most common migrants. Many were seen from May 12 
to June 3. Most of them were observed wading and running about on 
sandy shores in shallow water. 
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BAIRD'S SANDPIPER 
Pisobia bairdi (Coues) (Fig. 4) 
A fairly common migrant in Clay and Palo Alto Counties. About two 
hundred and fifty were recorded between May 10 and May 23. All were 
seen frequenting the clear, sandy beaches. 
LEAST SANDPIPER 
Pisobia minutilla (Vieillot) (Fig. 4) 
An abundant migrant. Hundreds passed through northwest Iowa 
this spring. A continuous flight from April 19 to June 1 was noted. These 
little sandpipers seemed to prefer the water's edge of the sandy and rock 
strewn beaches. The most observed on one date was one hundred and 
twenty-five in Clay and Palo Alto Counties on May 22. 
RED-BACKED SANDPIPER 
Pelidna alpina sakhalina (Vieillot) (Fig. 4) 
Over one thousand red-backed sandpipers were seen from May 7 to 
June 7. Flocks of thirty and forty were seen feeding in the shallow water 
of Lost Island Lake in Clay and Palo Alto Counties from May 22 to May 25. 
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Fig_ 2. Spring flight of Pectoral Sandpiper, Semipalmated Sandpiper, 
White-rumped Sandpiper, Greater Yellowlegs, Marbled Godwit and 
Wilson's Phalarope. 
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DO WITCHER 
Limnodromus griseus subsp. (Fig. 3) 
613 
One hundred and thirty-three of these birds were recorded from 
May 10 to May 22. How many were Eastern or Long-billed, the writer 
cannot say. Two birds collected on May 16 were identified as Eastern 
Dowitchers. They were seen in both Clay and Palo Alto Counties. 
STILT SANDPIPER 
Micropalma himantopus (Bonaparte) (Fig. 1) 
A common migrant in Clay and Pa:lo Alto Counties. These birds 
were observed from May 7 to June 7. Several hundred were seen in this 
area. They seemed to occur in about even numbers on mud and sand flats. 
SEMIPALMATED SANDPIPER 
Ereunetes pusillus (Linnaeus) (Fig. 2) 
A very common migrant through this area. · Over one thousand were 
seen from May 3 to June 3. Most of them were observed wading in shal-
low waters with sandy bottoms and beaches. 
WESTERN SANDPIPER 
Ereunetes maurii Cabanis 
A rare spring migrant. Three were seen on the sand beaches of Lost 
Island Lake, Palo Atlo County, May 22. 
,. 
" 
Ju ne 
" 
Fig. 3. Spring flight of Jacksnipe, Western Willet, 
Black-bellied Plover, Dowitcher, Golden Plover and 
Spotted Sandpiper. 
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MARBLED GODWIT 
Limosa fedoa (Linnaeus) (Fig. 2) 
Forty-one of these large shore birds were seen in Clay and Palo Alto 
Counties between April 28 and June 2. One bird was collected in a reed 
grown marsh near Trumbull Lake, Clay County, May 1. However, most 
of the birds observed were in shallow waters adjoining sandy beaches. 
HUDSONIAN GODWIT 
Limosa haernastica (Linnaeus) (Fig. 4) 
Eighty-one of these beautiful birds were observed from April 13 to 
May 26. On May 13 and 14 a flock of ten birds was observed on Lost 
Island Lake in Clay and Palo Alto Counties. These birds were seen feed-
ing in both sand and mud bottomed waters. Philip 1 A. DuMont and the 
writer observed the first one of the season April 13, Lost Island Lake, 
Clay County. This is apparently a new early spring record for the United 
States, according to migration dates given by Bent (1927). 
SANDERLING 
Crocethia alba (Pallas) (Fig. 1) 
Not a great many of these birds were observed. Twenty-eight indi-
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Fig. 4. Spring flight of Least Sandpiper, Red-backed Sandpiper, Hud-
sonian Godwit, Baird's Sandpiper, Lesser Yellowlegs and Northern 
Phalarope. 
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viduals were seen from May 5 to June 5. All birds were seen running 
along the sandy beaches of Lost Island Lake in Clay and Palo Alto Coun-
ties. 
AVOCET 
Recurvirostra americana Gmelin 
A lone Avocet was seen on Lost Island Lake, Clay County, May 13. 
The bird was flushed and it flew across the lake to the Palo Alto side. 
Presumably the same bird was collected May 14 on the Clay County side 
of Lost Island Lake. Another was seen flying over Trumbull Lake, Clay 
County, on June 28. 
WILSON'S PHALAROPE 
Steganopus tricolor Viellot (Fig. 2) 
One hundred and forty-four birds were recorded from April 22 to 
May 24 for Clay and Palo Alto Counties. Most of the birds were observed 
feeding in sand bottomed shallow waters, but a few were seen in mud 
bottomed ponds. 
NORTIIERNPHALAROPE 
Lobipes lobatus (Linnaeus) (Fig. 4) 
A fairly common migrant. About two hundred and twenty-five were 
seen from May 11 to May 29. All birds were seen in clear, sand bottomed 
shallow waters. About equal numbers were noted for Clay and Palo Alto 
Counties. 
The 1934 spring flight of shore birds compared with that of 1933 
(Bennett, '34) shows a great variation in species and numbers recorded. 
Although my 1933 notes were incomplete, the differences are among the 
most conspicuous species of these birds. As the same area was observed 
in 1933 and 1934 the writer is assured that the 1934 spring flight was radi-
cally different from that of the preceding year. The following compari-
sons are examples of a few of the outstanding variations: 
Avocet 
Hudsonian Godwit 
Marbled Godwit 
Red-backed Sandpiper 
Ruddy Turnstone 
Western Willet 
Piping Plover 
Dowitcher 
Stilt Sandpiper 
American Knot 
Birds Observed 
1933 
0 
3 
0 
3 
0 
0 
0 
0 
6 
0 
1934 
2 
81 
41 
1000 or more 
52 
6 
11 
133 
300 or more 
14 
There appear to be two main reasons for such a difference in spring 
flights: That certain species may or may not traverse the same route 
year after year; or that the continued drought in the west, resulting in 
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the drying up of a large percentage of shore bird habitats, may have 
forced the birds through areas where the lake levels are near normal, as 
they are in northwest Iowa. 
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The data presented in the following paragraphs were collected in 
Clay and Palo Alto Counties, in northwest Iowa, from June 25 to Novem-
ber 17, 1934. The studies were conducted mainly on the shores of Lost 
Island Lake. Observations on certain species, however, were necessarily 
made in other localities due to differences in habitat preferences. These 
localities were all within five miles of the lake. 
Lost Island Lake is situated on the boundary line between Clay and 
Palo Alto Counties. Two particular areas along the shores of the lake 
were used most extensively by the shore birds. One of these, a strip of 
beach about a quarter of a mile in length, is located in Clay County; the 
other, which includes about one-half mile of the shore line, is in Palo Alto 
County. The majority of these data deal collectively with these two 
shores. Observations on these two areas alone are the basis for the con-
struction of all the graphs except that for the Killdeer. Casual observa-
tions elsewhere were disregarded. 
The graphs were constructed on the basis· of average numbers of 
birds seen on the two shores over five-day periods. To obtain the points 
on the graphs the daily observations for the two areas were averaged. 
The five-day averages were computed from these daily averages. The 
five-day periods were started on June 25. That date was considered to be 
the first record of the season for a migrating shore bird. Consequently the 
first five-day period was for June 25-29, inclusive. In the event of obser-
vations having been taken on less than five days of any one period the 
average was based on the actual number of days upon which observations 
were made. 
A number of specimens were collected. These were taken for two 
reasons: verification of field identifications, and furtherance of subse-
quent studies under the supervision of the Zoology Department of Iowa 
State College. The prepared specimens are now in permanent possession 
of this department. 
For records and notes on shore birds in the Lost Island Lake vicinity 
from June 25 to July 17, the author wishes to acknowledge his indebted-
ness to Mr. Logan J. Bennett. 
This paper deals with observations on twenty-five species of birds. 
The discussions of the various species appear in sequence according to 
their order in the American Ornithologists' Union check-list. 
1 Journal Paper No. J-245 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 320. 
[617) 
618 GERALD B. SPAWN 
PIPING PLOVER 
Charadrius melodus Ord. 
Three of these birds were observed by Mr. Logan J. Bennett and the 
author on August 10. They were seen on the rather fiat, sandy beaches 
of Lost Island Lake in Palo Alto County. Two were collected. This species 
is "a rare migrant and a casual summer resident-probably breeding in 
Iowa" (3). 
SEMIPALMATED PLOVER 
Charadrius semipalmatus Bonaparte 
Four hundred eighty-five birds were seen from July 18 to October 6, 
all observed on the beaches of Lost Island Lake. The migration peak 
·came between August 29 and September 3 (Graph, fig. 1). It is considered 
a fairly common migrant. 
KILLDEER 
Oxyechus vociferus vociferus (Linnaeus) 
A common summer resident throughout Iowa. In view of this fact it 
is rather difficult to say just when the fall migration started. The graph 
(fig. 1) indicates that the peak of migration occurred between Septem-
ber 12 and 22. They were observed in a variety of habitats, mainly, how-
ever, around the shores of Lost Island Lake, mud-bottomed ponds, and in 
grazed pastures. This was one of the last two species of the season to be 
seen. 
AMERICAN GOLDEN PLOVER 
Pluvialis dominica dominica (Mi.iller) 
An uncommon migrant. Two were seen and collected November 11 
on Lost Island Lake, Clay County. 
BLACK-BELLIED PLOVER 
Squatarola squatarola (Linnaeus) 
This species appeared to be rare as a fall migrant through the Lost 
Island Lake area this year. A single bird was observed and collected on 
Lost Island Lake, Clay County, August 10. 
RUDDY TURNSTONE 
Arenaria interpres morinella (Linnaeus) 
In contrast to Benentt's (1) record of 52 in the spring, only four were 
seen this fall. They were observed on the shores of Lost Island Lake and 
were turning over small, fiat stones supposedly to feed on the small ani 
mal life thus exposed. One was seen August 3 in Clay County; two on 
August 15 and one on September 19 in Palo Alto County. This species 
is a rare migrant. 
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AMERICAN WOODCOCK 
Philohela minor (Gmelin) 
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One bird was observed by Mr. Logan J. Bennett and the author on 
Mud Lake, Clay County, August 7. DuMont (3) considers this species 
"a decidedly uncommon migrant and a rare summer resident in the east-
ern hall of the state." 
WILSON'S SNIPE 
Capella delicata (Ord.) 
The first Snipe was observed on September 6. From this date up to 
October 7, 39 were recorded. On October 21 a more or less typical Snipe 
habitat was found at Whitford Slough, two and one-half miles west of 
Ruthven, Clay County. This area, which is about 10-15 acres in extent, 
each year supports generous growths of sedges, bulrushes, and other marsh 
plants. In the fall of 1934 there was from three to nine inches of water 
over most of the marsh. On October 21, 23 Snipe were seen in this area. 
Five subsequent observations gave results as follows: Oct. 27, 25; Oct. 28, 
30; Nov. 3, 40; Nov. 10, 25; Nov. 17, 12. Field observations were discon-
tinued on Nov. 17. It is quite probable, however, that Snipe could have 
been found for a few days after that date. 
SPOTI'ED SANDPIPER 
Actitis macularia (Linnaeus) 
This bird was found breeding on the Palo Alto County shore of Lost 
Island Lake. Upon several occasions downy young were observed run-
ning along the shore. One of these was collected and preserved. The 
author is confident that quite a number of those observed were resident 
rather than migratory birds. This, however, should not appreciably affect 
the migration peak as shown by the accompanying graph (fig. 1) inas-
much as the daily percentage of error due to resident birds should be 
practically constant, at least until the resident birds themselves migrate. 
The peak of migration apparently came about the middle of August. The 
last record of observation was of one bird on September 12. DuMont (3) 
considers this bird "a common migrant and fairly numerous summer resi-
dent, breeding throughout the state." 
EASTERN SOLITARY SANDPIPER 
Tringa solitaria solitaria Wilson 
"A fairly common migrant along all of the rivers and streams of the 
state" (3). In the areas under observation in Clay and Palo Alto Counties 
this fall they were moderately common. Twenty-nine birds were seen 
between July 5 and September 12. They were found mainly around ponds 
with mud or a mixture of sand and mud bottoms. 
GREATER YELLOW-LEGS 
Totanus melanoleucus (Gmelin) 
This bird is ordinarily "a fairly common spring and fall migrant, 
fluctuating somewhat in numbers and seldom as numerous as the Lesser 
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Yellow-legs" (3). Fourteen birds were seen between July 20 and Sep-
tember 6 on Lost Island Lake, Clay and Palo Alto Counties. 
LESSER YELLOW-LEGS 
Totanus flavipes (Gmelin) 
With regard to the total number of individuals seen this species ranks 
second only to the Least Sandpiper. Observations totalling 1,283 birds 
were recorded from June 25 to October 20. The heaviest flight came be-
tween August 13 and September 12 (Graph, fig. 1) . The data seem to 
show no definite peak of migration but rather three periods of noticeably 
heavier flight. With the exception of occasional casual observations in 
other localities, which were not considered in construction of the graph, 
these birds were all seen around the shores of Lost Island Lake. They 
were seen most often feeding in water from "tarsus-deep" to "breast-
deep". Some were seen around mud-bottomed ponds. 
PECTORAL SANDPIPER 
Pisobia melanotos (Vieillot) 
A common migrant through this area. Eleven hundred and forty-
three birds were seen from July 14 to October 27. The largest flight came 
between July 27 and August 23 with the peak between July 28 and Aug-
ust 4 (Graph, fig. 1). With a few exceptions these birds were seen on the 
sandy shores of Lost Island Lake. On five occasions groups of 2, 5, 6, 10 
and 12, respectively, were observed feeding around mud-bottomed pas-
ture and barnyard ponds. 
WHITE-RUMPED SANDPIPER 
Pisobia fuscicollis (Vieillot) 
Only one individual of this generally common species was observed. 
It was in company with eight Pectoral Sandpipers which were feeding in 
the shallow water along the fl.at, sandy shores of Lost Island Lake, Clay 
County, August 28. 
BAIRD'S SANDPIPER 
Pisobia bairdi (Coues) 
Eighty-four birds were seen between August 21 and September 29. 
There was a more or less continuous flight between these two dates 
(fig. 1). This species is "a fairly common spring migrant, less numerous 
in the fall" (3) . 
LEAST SANDPIPER 
Pisobia minutilla (Vieillot) 
The Least Sandpiper occurred in larger numbers than any other 
species seen during this series of observations. A total of 1,829 birds was 
seen between July 10 and October 27. The heaviest flight came between 
August 19 and September 12 with the peak of migration between August 
24 and 28 (Graph, fig. 1). By far the majority of the birds were observed 
FALL MIGRATION OF SHORE BmDS 621 
feeding in the shallow water and on the wave-washed shores of Lost 
Island Lake, Clay and Palo Alto Counties. Some were seen feeding on the 
sand flats as far as 40 or 50 feet from the water. During the late forenoon 
and early afternoon they spent much time preening their feathers and 
loafing in the sun among the small rocks which are found in large num-
bers at several points along the beach. On several occasions small groups 
were seen feeding around mud-bottomed ponds in pastures and barn-
yards. 
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Fig. 1. Graphs showing average numbers of shore birds seen at two observational 
areas on the shores of Lost Island Lake, Clay and Palo Alto Counties, Iowa. The graphs 
are based on average numbers of birds seen over consecutive five-day periods from 
June 25 to Nov. 17, 1934. 
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RED-BACKED SANDPIPER 
Pelidna alpina sakhalina (Vieillot) 
In contrast with Benentt's (1) record of over a thousand observed 
during the spring migration, a single bird was seen and collected on the 
short of Lost Island Lake, Clay County, October 27. 
DO WITCHER 
Eastern-Limnodromus griseus griseus (Gmelin) 
Long-billed-Limnodromus griseus scolopaceus (Say) 
Due to the probable inability to properly identify the two species in 
the field Eastern and Long-billed Dowitchers are discussed as one species 
in this paper. However, of the 33 birds observed, the author believes that 
11 were the Long-billed and 22 the Eastern Dowitcher. The first record 
was of two on July 10 and the last record was of one on October 20. There 
was no definite peak of migration. They were seen on the sand beaches 
of Lost Island Lake and around mud-bottomed ponds. Of six specimens 
collected and prepared by the author the lengths, in millimeters, of the 
exposed culmens were as follows: 56, 58, 58, 60, 70 and 78. Eastern and 
Long-billed Dowitchers are considered by DuMont (3) to be rare and 
fairly rare migrants, respectively. 
STILT SANDPIPER 
Micropalama himantopus (Bonaparte) 
The first fall record was of five birds on July 23 and the last was of 
two on September 29. Between these two dates 121 were seen. The peak 
of migration came between July 27 and August 4 (fig. 1). They were 
rather common migrants through northwestern Iowa this fall. Eleven 
were collected. 
SEMIPALMATED SANDPIPER 
Ereunetes pusillus (Linnaeus) 
This species was one of the most common migrants through the area 
under observation. Twelve hundred eight birds were seen between July 
10 and September 29. The heaviest migration took place from August 1 
to September 2 (Graph, fig. 1) with the peak falling between August 8 
and 13. With but a single exception these birds were all seen on the shores 
of Lost Island Lake, Clay and Palo Alto Counties. They seem to prefer 
to feed in shallow water as do Least Sandpipers, but unlike the latter they 
are less frequently seen feeding farther than five feet from the water's 
edge. 
WESTERN SANDPIPER 
Ereunetes maurii Cabanis 
Eighteen birds were seen between July 9 and August 25. One was 
collected. Those observed were in company with Least and Semipal-
mated Sandpipers. DuMont (3) states that "the present status of these 
birds in Iowa is undetermined." My observations would indicate that this 
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bird is a moderately common late summer migrant through northwestern 
Iowa. With regard to this and certain other species which have appeared 
in numbers somewhat larger than usual, the status indicated by the past 
season's study may be influenced somewhat by drought conditions in the 
country as a whole. 
BUFF-BREASTED SANDPIPER 
Tryngites subruficollis (Vieillot) 
A rare spring and fall migrant (3). Roberts (4) considers this species 
of such rare or accidental occurrence that they are not likely to be seen. 
Two birds were seen August 26 on Lost Island Lake, Palo Alto County. 
On the following day one was seen on the Palo Alto County shore and 
one on the Clay County shore. It seems probable that the same birds were 
seen on the two days. None of these were collected. However, the writer 
is familiar with this bird through having recently collected one in South 
Dakota. This specimen is preserved and in permanent possession of the 
Zoology Department, Iowa State College, Ames, Iowa. 
SANDERLING 
Crocethia alba (Pallas) 
Between August 21 and October 6, 68 birds were seen. The apparent 
peak of migration came between August 25 and 31. These birds were all 
seen running along the beaches of Lost Island Lake. The Sanderling is 
considered a rare migrant (3); however, the records of the past season's 
study would seem to indicate that it is somewhat common. 
WILSON'S PHALAROPE 
Steganopus tricolor Vieillot 
"A fairly common migrant. Formerly a common summer resident, 
breeding in the northern part of the state" (3). Observations indicate that 
it was rare in this area this fall. A single bird was seen and collected on 
Lost Island Lake, Clay County, September 3. 
NORTHERN PHALAROPE 
Lobipes lobatus (Linnaeus) 
Three of these birds were seen on the shores of Lost Island Lake, 
Clay County, August 26. Dr. Paul L. Errington and the author observed 
and collected one on Lost Island Lake, Palo Alto County, August 30. 
DuMont (3) considers it "an uncommon migrant along the Missouri River 
Valley, rare in other parts of the state." Bennett (1) found it a fairly 
common migrant in the spring of 1934. It was apparently rare in north-
western Iowa in the fall of 1934. 
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BOB-WHITE WINTER SURVIVAL ON EXPERIMENTALLY SHOT 
AND UNSHOT AREAS1 
PAUL L. ERRINGTON AND F. N. HAMERSTROM, JR. 
From the Entomology and Economic Zoology Section, Iowa Agricultural Experiment 
Station 
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Iowa bob-whites (Colinus virginianus virginianus Linn) were in 1916 
given the legal protection of a completely closed season which continued 
up to the autumn of 1933. For experimental purposes, however, the Iowa 
Fish and Game Commission, in cooperation with Iowa State College, per-
mitted some carefully controlled shooting in late November and early 
December, 1933, on fourteen selected official game management areas. 
One of the primary purposes of the shooting (for report, see 
Schuenke, 1933) and subsequent studies was to test further the popula-
tion vulnerability thesis derived from four years previous field work in 
north-central states (Errington, 1934). 
The population vulnerability thesis pertaining to bob-white holds 
that severe winter predation upon adult vigorous birds is restricted to 
that part of the population in excess of what may be called the normal 
carrying capacity of the land, or the maximum number that the land could 
winter under the most favorable conditions. If more birds are present 
than the environment at its best can accommodate, obviously the extra 
or surplus birds either have to leave or be killed. These extra birds, ill-
situated in their environment, bear the brunt of predator attacks. 
On the other hand, if the winter quail population is fit and within the 
normal carrying capacity of the land-whether population or carrying 
capacity be high or low-its vulnerability to predators is low and it is 
subject to slight losses, aside from those brought on as by climatic emer-
gencies or by shooting. 
The severity of simple predation, then, upon winter bob-white has 
seemed to resolve itself into a matter of how much the environment was 
over-populated. This thesis has been presented with observational evi-
dence in considerable detail elsewhere (Errington, 1934, and introduced 
more briefly by Errington, 1933b; 1933d). 
Normal winter carrying capacities of Iowa and Wisconsin observa-
tional areas, on the basis of evidence in possession, were determined by 
the quality and distribution of coverts habitable for quail. The habitabil-
ity of these coverts was dependent upon the effectiveness of food and 
cover combinations. 
The net amount of winter predation suffered by the quail did not 
seem correlated with the kinds and number of predators within the limits 
observed. 
Seemingly irrespective of the composition of the wild predator popu-
lation, quail populations top-heavy for an environment were vulnerable 
and lost at rates tending to eliminate the excess; and populations within 
1 Journal Paper No. J194 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 329. 
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environmental carrying capacity at the beginning of the winter remained 
quite securely entrenched against all enemies except for more efficient 
man. 
Carrying capacities, as measured by maximum spring survivals over 
a period of years, showed in most cases a remarkable degree of constancy 
for specific areas. 
With the rather voluminous Iowa and Wisconsin observational data 
as a background, significant questions arise as to what might be done by 
experimental manipulation of quail populations. Would, for example, the 
artificial removal of the vulnerable percentage, or the surplus population, 
actually give the survivors a materially increased winter security? 
It might be in order, before examining the data by areas, to describe 
briefly the study technique used and the salient characteristics of the 
winter. 
The winter was generally mild and snowless except for a few periods 
of severe weather. The openness of the winter was all that averted heavy 
starvation mortality, for the supply of quail food on most of the observa-
tional areas was extremely limited. Chinch bugs and drouth in south-
eastern Iowa, where most of the experimental shooting was done, seri-
ously damaged both small grains and corn; the farmers, pressed for feed, 
harvested cleanly and then turned stock into the fields. The crop of pigeon 
grass, lesser ragweed and other weeds bearing important quail foods also 
was short. Further complicating the situation, the chinch bug infestation, 
combined with the dryness of the season, precipitated wholesale burning, 
which evicted countless coveys from their established territories. 
Winter feeding was not conducted on a scale sufficient to offset mate-
rially the food shortage. With a few commendable exceptions, farmers 
and sportsmen alike, even when obligated by agreements on game man-
agement areas, neglected to provide adequate food when it was needed, 
to the consequent detriment of the quail. 
Lack of snow and the unusual shifting of bob-white population in 
response to burning and on account of the failure of food sources made 
difficult efforts to acquire really reliable data on survival. Then, too, the 
large total acreage under observation necessitated less frequent visiting 
and on the whole less thorough work for the majority of areas. 
The chief reliance was placed, where possible, upon a direct enumera-
tion census technique, a modification of that which proved highly satis-
factory in the Wisconsin studies (Errington, 1933a). The Wisconsin cen-
suses, however, were made with the aid of more snow than we have had 
in Iowa and dealt with quail densities that were lower and hence more 
satisfactorily handled. With respect to this latter point, the likelihood 
of error in bob-white census work increases so conspicuously with increas-
ing density that we do not feel at all sure of census figures on populations 
exceeding about a bird per four acres. 
In many instances, the figures obtained by flushing and counting 
birds had to be supplemented by figures calculated on the basis of addi-
tional occupied territories, for which ample "sign" (droppings, dust baths, 
tracks and feathers) was to be found. 
On three areas where the pressure of time did not allow even terri-
torial calculations according to "sign,'' estimates of carrying capacity were 
made from the road by Errington, later to be checked by actual census 
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work. The checking was entirely independent of the original estimates, 
but the resulting figures were quite comparable. 
For a two-hundred-acre portion of area "B" three covey territories 
were estimated on November 18; the check-up March 6 gave three coveys 
averaging thirteen birds. 
Four covey territories were estimated on an unexamined sample of 
area "G" in early November, which a check on December 15 showed to be 
correct. The November estimate of these four territories, at the 13.5 
birds per covey known average for the area as a whole, gave fifty-four 
birds; the December 15 check, after the shooting, at a 9.5 bird per covey 
average, gave thirty-eight, which, in view of the moderate shooting on 
this area, is about the number to be expected. 
The population of a part of area "A" was estimated, on November 18, 
at one hundred and sixty-three birds in ten-covey territories; the January 
5 census, after the shooting, showed nine occupied territories with about 
ninety-nine birds. 
Thus, of the seventeen covey territories experimentally estimated 
without actual examination of the land, sixteen proved upon checking 
to be correct. 
From the experiments indicated in the preceding paragraphs, it may 
be seen that experienced observers can often get a fairly accurate idea 
of a probable quail population merely by looking over the ground, always 
provided that the population is up to carrying capacity. 
Estimates are not recommended as a substitute for the much more 
desirable territory calculations on the basis of "sign," nor for truly ac-
curate censuses, except when vast acreages have to be surveyed hastily. 
Advantageous use was made of dogs in census work on many areas, 
but dogs or no dogs, the skill and diligence of the field man appeared to be 
the main requisite for the securing of accurate counts. 
Reports of hunters or farmers proved untrustworthy as a rule, in 
view of the almost invariable tendency of the public to over-estimate the 
numbers of birds. 
Data from the shot areas and those from the unshot checks will be 
summarized as in possession, irrespective of completeness. 
SHOT AREAS 
Area "A"-840 acres. See's. 3, 4, 9, 10, Douglas township, Appanoose 
county. Pre-shooting check by Errington, Mr. and Mrs. Hamerstrom, 
Wardens C.H. Updegraff and J.C. Graham, November 18, 1933. Forty-
nine flushed in 3 coveys; 23 estimated territories at 16.33 birds each gave 
375 more. Total arrived at, 425, or a bird per 2 acres. 
Experimental shooting November 23, 25, 28, 30, December 2-Warden 
J. W. O'Hara in charge. Ninety birds bagged; 34 reported crippled or lost. 
Total known toll from shooting, 124. 
Post-shooting check by Wardens C.H. Updegraff and J.C. Graham, 
January 5, 8, 1934. Two hundred and fourteen flushed in 18 coveys; 5 
calculated territories at 11.88 birds each gave 59 more. Total arrived at, 
273. 
Final spring check by Warden Updegraff, March 1, 1934. One hun-
dred and forty-four flushed in 14 coveys and there were probably about 
20 more on the basis of sign. Total arrived at, 164. 
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The exceedingly heavy drop in population during the winter was due 
to eviction of the coveys on practically the whole south half of the area 
through clearing of brush and burning. The northwest corner did not 
burn over and retained its quail population with little change throughout 
the winter, indicating very strongly that there was no influx of evicted 
birds into this part of the area, at least. 
Area "B"-1179 acres. See's. 31, 5, 6, Wells Township, Appanoose 
county. 
Pre-shooting check by Errington, Mr. and Mrs. Hamerstrom, War-
dens J.C. Graham and C.H. Updegraff, November 18, 1933. Estimate of 
875 birds, or one per 1.3 acres. 
Experimental shooting November 22, 24, 27, 29, Docember 1, 4, 7, 9, 
11, 13-Warden J. C. Graham in charge. One hundred and one birds 
bagged; 41 reported crippled or lost. Total known toll from shooting, 142. 
Post-shooting and spring checks proved impossible to make with ac-
curacy because of the denseness of cover in river bottomland and terri-
tories; however, the evidence pointed toward a strong surviving popula-
tion. 
Area "C"-1047 acres. See's. 7, 8, 17, 18, Roscoe township, Davis 
county. 
No pre-shooting check. 
Experimental shooting November 23, 25, 28, 30, December 2, 5-War-
den Carl Hinkleman in charge. Ninety-eight birds bagged; 17 reported 
crippled or lost. Total known toll from shooting, 115. 
Post-shooting check by Warden C. H. Updegraff, January 3, 1934. 
Two hundred and thirteen birds flushed, including one covey seemingly 
not assembled; the true total would probably be about 220. 
Final spring check by Warden Updegraff, February 28. One hundred 
and ninety-nine flushed. A crisis brought on by heavy snowfall resulted 
in some starvation at this time; remains of 7 birds were found, of which 
5 had obviously weakened to be caught by foxes. 
Area "D"-965 acres. See's. 17, 18, 19, 20, Prairie township, Davis 
county. 
Pre-shooting check by Errington and Wardens C. H. Updegraff and 
J.C. Graham, November 17, 1933. Ninety-eight birds flushed in 5 coveys; 
14 calculated territories at 19.60 birds per covey gave 274 birds more. 
Total arrived at, 372, or one per 2.6 acres. 
Experimental shooting November 25, 28, 30, December 2, 7, 9, 17-
Warden W. E. Hicks in charge. Ninety-three birds bagged; 24 reported 
crippled or lost. Total known toll from shooting, 117. 
Post-shooting check by Warden Updegraff, December 30. One hun-
dred and thirteen flushed in 11 coveys; 5 calculated territories at 10.27 
birds per 'Covey gave 51 more. Total arrived at, 164. 
Final spring check by Warden Updegraff, February 27. One hundred 
and eighty-six flushed in 13 coveys. Evidence of starvation in at least one 
covey. 
Area "E"-1503 acres. Sec's.13, 14, 7, 8, 17, 18, Salt Creek and Village 
townships, Davis and Van Buren counties. 
Pre-shooting check by Errington and Wardens C.H. Updegraff and 
J. C. Graham, October 22, 1933. Thirty-seven flushed in 3 coveys; 6 ter-
ritories at 12.33 gave 74 more, or a total of 111 for the uplands. On the 
BOB-WHITE WINTER SURVIVAL 629 
lowlands, 104 were flushed in 7 coveys; 6 territories at 14.85 gave 89 more, 
or a total of 193. Total for uplands and lowlands together, 304 birds, or 
one per 4.8 acres. 
Experimental shooting, November 23, 25, 28, 30-Warden A. F. Meier 
in charge. Eighty-three birds bagged; 23 crippled or lost. Total known 
toll from shooting, 106. 
Post-shooting check by Errington and Warden Updegraff, December 
16 and 18. Fifty-eight flushed in 5 coveys; 3 territories at 11.60 birds per 
covey gave 35 more, or an upland total of 93. 
Final spring check by Errington, Mr. and Mrs.,Hamerstrom, Wardens 
C. H. Updegraff and J. C. Graham, February 25, 1934. Seventy-six flushed 
in 10 coveys; 2 territories at 7.6 birds per covey gave 15 more, or an up-
land total of 91. In the lowlands, 135 flushed in 10 coveys; 2 territories at 
13.50 birds per covey gave 27 more, or a lowland total of 162. Total for 
area, 253. 
Some evidence of poaching after the shooting season; evidence also 
of strong influx into the lowlands during the winter, apparently from 
across the river which bounds the area on one side. 
Area "F"-968 acres. See's. 29, 30, 31, 32, Polk township, Jefferson 
county. 
Pre-shooting check by Errington and Warden Updegraff, November 
8, 1933. One hundred and sixteen flushed in 7 coveys; 22 calculated ter-
ritories at 16.57 birds per covey gave 365 more. Total arrived at, 481, or 
one per 2 acres. 
Experimental shooting November 22, 24, 27, 29, December 1, 4, 6, 8, 
11, 13-Warden Otto Klinge in charge. One hundred and sixteen bagged; 
38 reported crippled or lost. Total known toll from shooting, 154. 
Post-shooting check by Warden Updegraff, December 26. One hun-
dred and forty-seven flushed in 12 coveys; 4 territories at 12.25 birds 
per covey gave 49 more. Total, 196. 
Final spring check by Warden Updegraff, February 20. One hundred 
and ninety-four flushed in 15 coveys; 2 territories at 12.93 birds per covey 
gave 26 more. Total, 220. 
The southwestern part of the area, or that richest in birds, was burned 
off and a heavy population forced out. The evicted quail moved, to some 
extent, into the rest of the area, in one case massing into a covey as large 
as 40 birds. Evidence of predation, particularly by Cooper's hawks. 
Area "G"-3600 acres. See's. 13, 14, 15, 22, 23, 24, 25, 26, 27, Liberty 
township, Jeffersc>n county. 
Pre-shooting check by Errington, early November. Fifty-four flushed 
in 4 coveys; 37 calculated or estimated territories at 13.50 birds per covey 
gave 500 more. Total arrived at, 554, or one per 6.5 acres. 
Experimental shooting November 23, 25, 28-Warden C.H. Updegraff 
in charge. Sixty-seven birds bagged; 17 crippled or lost. Total known toll 
from shooting, 84. 
Pre-shooting check on sample of about 1000 acres to be kept under 
observation, 162. Experimental shooting, calculated on a pro rata basis, 
took a toll of 25 on the observational sample. 
Post-shooting check on the sample, by Errington, December 17. 
Forty-two flushed in 4 coveys; 5 territories at 10.50 birds per covey gave 
53 more. Total, 95. 
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Subsequent checks by Dr. Carl Welty of Parsons College and stu-
dent cooperators: December 28, 99 birds; February 19, 76; February 27, 
115; March 10, 67; March 22, 84 flushed, possibility of about 20 more. Final 
total arrived at, 104. 
The bulk of February-March fluctuations in population '¥ere appar-
rently caused by the influx and egress of border coveys. 
Area "H"-640 acres. Sec. 15, Van Buren township, Keokuk county. 
Pre-shooting check by Errington and Wardens T. K. Johnston and 
C. H. Updegraff, November 6. Two hundred and sixty-five flushed in 17 
coveys; 3 territories at 15.58 birds per covey gave 4 7 more. Total, 312, 
or one per 2 acres. 
Experimental shooting November 22, 24, 27, 29, December 1, 4, 7, 9-
Warden T. K. Johnston in charge. One hundred and twenty-eight birds 
bagged; 38 reported crippled or lost. Total known toll from shooting, 166. 
Checks by Mr. and Mrs. Hamerstrom: January 20 and 21, either 88 
or 93; February 9 and 10, 68; February 24 (with Errington), 75. 
The food supply was very short, and at least 2 coveys near the edge 
were known to have moved out by the end of the winter. 
Area "I"-1745 acres. See's. 23, 26, 27, Wayne township, Monroe 
county. 
Pre-shooting check by Errington and Warden J.C. Graham, October 
21 and 24. Seventy-four flushed in 5 coveys; 14 calculated territories at 
14.80 birds per covey gave 207 more. Total arrived at, 281, or one per 
6.2 acres. 
Experimental shooting November 22, 24, 27, 29, December 1, 4, 6, 8, 
11-Warden A. E. Miller in charge. One hundred and fifteen bagged; 34 
crippled or lost. Total known toll from shooting, 149. 
Post-shooting check by Warden C.H. Updegraff, December 23 and 25. 
Fifty-eight flushed in 7 coveys; 8 calculated territories at 8.28 birds per 
covey gave 66 more. Total arrived at, 124. 
Final spring check by Updegraff, February 21. One hundred and five 
birds in 8 coveys. 
Area was heavily pastured during the winter. Toward the last, prac-
tically the whole southeast half was quail vacant. 
Area "J"-3180 acres. See's. 13, 23, 24, 25, 26, 34, 35, Urbana town-
ship, Monroe county. 
No pre-shooting check. 
Experimental shooting November 23, 25, 28, 30, December 9, 11, 13-
Warden George Killinger in charge. Two hundred and three birds 
bagged; 14 reported crippled or lost. Total known toll from shooting, 217. 
Post-shooting check by Warden Updegraff, December 27, 28 and 30. 
Five hundred and three birds flushed in 40 coveys; 6 territories at 12.57 
birds per covey gave 75 more. Total, 578. 
Final spring check by Updegraff, February 25, 26, 28, March 5, 7 
and 8. Three hundred and seventy-four flushed in 24 coveys; 8 territories 
at 15.58 gave 125 more. Total arrived at, 499. 
This was one of the few areas upon which the hunters really fed the 
birds all winter. Despite this, there was an apparent drop in number of 
resident birds, for no ascertained cause. 
Area "K"-2508 acres. See's. 1, 2, 3, 34, 35, 36, 25, 26, 27, Lick Creek 
township, Van Buren county. 
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No pre-shooting check. 
Experimental shooting November 23, 25, 28, 30, December 7, 9-
Wardens C.H. Updegraff and George Killinger in charge. One hundred 
and thirty-four birds bagged; 18 reported crippled or lost. Total known 
toll from shooting, 152. 
Only one check made subsequently, by Errington and Updegraff on a 
representative sample of about one square mile, January 11. Sixty-three 
birds in 6 coveys; 3 territories at 10.50 birds per covey gave 32 more. 
Total, 95. 
Area "L"-1931 acres. See's. 26, 27, 34, 35, Highland township, 
Wapello county. 
Pre-shooting check by Errington, Wardens Updegraff and Graham, 
October 19 and 20. Forty-five flushed in 3 coveys; 18 territories at 15 birds 
per covey gave 270 more. Total arrived at, 315. 
Experimental shooting November 23, 25, 28, 30, December 2, 5, 7, 9, 
11-Warden George Gibson in charge. Thirty-six birds bagged; 7 re-
ported crippled or lost. Total known toll from shooting, 43. 
Post-shooting check by Updegraff, December 22 and 24. One hundred 
and sixty-seven flushed in 12 coveys; 7 territories at 13.91 birds per covey 
gave 97 more. Total, 264. 
Final spring check by Updegraff, March 10 and 11. One hundred and 
eighty-three in 13 coveys; 4 territories at 14.07 birds per covey gave 56 
more. Total, 239. 
Much of the north and central part of the area was burned over and 
many birds were consequently evicted from established territories. 
Area "M"-3406 acres. See's. 32, 33, 34, 9, 10, 3, 4, 5, Center and Rich-
land townships, Wapello county. 
No pre-shooting check. 
Experimental shooting November 22, 24, 27, 29, December 1, 4, 7, 9-
Warden M. D. Lewis in charge. Seventy bagged; 21 reported crippled or 
lost. Total known toll from shooting, 91. 
A final spring check was made by Updegraff on a sample area of 400 
acres of bottomland type. He flushed 101 in 8 coveys (March 2, 3 and 15); 
2 possible territories at 12.62 birds per covey gave 25 more. Total sur-
viving on the sample, 126, or one per 3.2 acres. 
Area "N"-740 acres. See's. 33, 34, Jefferson and Grand River town-
shipe, Wayne county. 
No pre-shooting check. 
Experimental shooting November 22, 24, 27, 29, December 7, 9-
Warden H. A. Holmgren in charge. Sixty-two bagged; 70 reported crip-
pled or lost. Total known toll from shooting, 132. 
Post-shooting check by Mr. and Mrs. Hamerstrom on about half the 
area, January 27 and 28. Fifty-seven birds flushed. 
Final check by Mr. and Mrs. Hamerstrom, February 3 and 4. Good 
count of 116 flushed. 
UNSHOT AREAS 
Area "O"-Sample 300 acres of a 1400 acre area, Des Moines City 
Waterworks Supply Grounds Wild Life Refuge. All counts by Errington. 
December 8, 71 were flushed in 4 coveys; 2 territories at 17.75 birds 
per covey gave 36 more or a bird per 2.8 acres. Total, 107. 
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January 12and16, 88 birds in 7 coveys; 1 territory at 13 birds gave a 
total of 101. 
February 27 check; 99 in 7 coveys. 
This was an area in which winter feeding was handled more effi-
ciently than in any other area under observation. The population was well 
established, with the exception of a small covey of 7 which seemingly wan-
dered until destroyed. Evidences of only 2 dead birds were found. 
Area "P"-An area of about 500 acres north of the State College at 
Ames. 
December 13, by Errington, flush count of 42 in 3 coveys or a bird per 
12 acres. 
Early January count of 43 by Mr. and Mrs. Hamerstrom. 
February 27, a count of approximately 38 by Hamerstrom; evidence 
of one dead bird. 
Area "Q"-Area of about 1500 acres, 2 miles east of Bloomfield. 
December 31, Warden Updegraff flushed 164, in 13 coveys, and re-
corded 10 territories which at 12.61 birds per covey gave 126 more. Total 
arrived at, 290 or about a bird per 5 acres. 
March 3 and 4, Mr. and Mrs. Hamerstrom obtained a flush count of 
137 plus another covey of about 20 and another of about 16. Total, 173. 
Seven fresh kills of starving birds and 3 older kills found on this visit. 
This area had been seriously burned and cleaned up. 
Area "R"-Sample of about 400 acres of Fort Des Moines state game 
management (U. S. Army property). 
This area had been under partial cultivation, but has been allowed to 
revert since the summer of 1932. The reversion was followed by a tre-
mendous increase in smartweeds, pigeon grass, and other vegetation pro-
ductive of quail food; the subsequent ecological succession has been 
unfavorable to quail food plants, however, thereby reducing materially 
the carrying capacity of the range. The feeding stations and food patches 
present were insufficient to offset more than partially the attractiveness 
of the cultivated fields of the area. 
The December 11 check by Errington totalled about 60 birds, or a 
bird per 6.6 acres on the basis of birds flushed and evidently occupied 
territories, as compared with a New Year's population of about an even 
100 for the season of 1932-33. 
On January 8, Errington and Warden George Killinger made an un-
satisfactory check which indicated that a large border covey had moved 
out and that the remaining population certainly did not exceed 40 birds. 
Killinger's final check, February 27, gave 24. 
Only evidence of mortality recorded was one bird killed by a Cooper's 
hawk. 
Area "S"-Area of 800 acres about ten miles south of Ottumwa. 
First check by Errington and Mr. and Mrs. Hamerstrom, November 
19 and 21. Flush of 90 in 6 coveys in north portion; 1 additional territory. 
Flush of 56 in 5 coveys in south portion; 3 territories in addition. For the 
entire area 146 birds were flushed in 11 coveys; 4 territories at 13.27 gave 
53 more. Total of 199 or a bird per 4 acres. 
Final check by Errington February 19 and 20. Flush of 83 in 7 coveys 
in north portion; flush count of 54 in south portion, with 1 extra territory. 
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For the area as a whole, 137 flushed in 12 coveys and 1 covey territory at 
11 birds gave a total of 148. 
Area "T"-3200 acres. Area east of Prairie du Sac, Wisconsin, which 
has been under observation since 1929. 
The census figures were obtained by Albert J. Gastrow of Prairie du 
Sac, a man well qualified by experience for this work and who spent an 
average of three days a week in the field from October, 1933, to April, 
1934. 
Since this is the most important individual area which we have 
studied, and since the work was carried on with exceptional accuracy, it 
may be advantageous to present the data in condensed detail. The groups 
used as headings refer to populations of quail usually isolated to some 
degree, or segregated for convenience in handling the data. 
Group I. November 13, 19+14 birds; January 3, 18+14; February 
14, 16+13; March 22, 13+12. Loss of 8 of 33 in 128 days. 
Group II. October 23, 11 +14 birds; November 10, 12+12; February 
14, 12+11; February 27, 8+11. Loss of 6 of 25 in 127 days, one of which 
was presumably a Cooper's hawk kill. Food shortage seemed to bring 
on something of a late winter crisis. 
Group III. October 31, 24; November 13, 23; December 12, 22; Jan-
uary 21, 21; February 12, 16; February 18, 12; March 3, 9; March 22, gone. 
Loss of 15 of 24 in 123 days; possibly nearly annihilated in the next 19 
days. This group plainly occupied a lethal territory (for previous history 
see Errington, 1933a, group XXXII; 1933d, group V) . 
Group IV. October 21, 11 +17; November 14, 7+18; December 2, 
10+14; December 14, 23; January 16, 11 +17 (influx from somewhere, 
possibly from outside area); February 15, 9+18; March 27, 7+15. Loss of 
11 of 28; gain of 5; net loss of 6 in 156 days. 
Group V. November 3, 14; November 28, 13; influx of a covey of 12 
(possibly from VI) January 5; February 6, 11 +13; February 22, 10+12; 
March 15, 9+12. Loss of 5, gain of 12; net gain of 7 in 132 days. 
Group VI. December 8, 18+22; January 9, 25 (12 of these may have 
joined V); February 10, 24; February 20, 21; March 19, 20. Loss of 20 
of 40 in 100 days. 
Group VII. November 21, 24+18+17; December 10, 23+19+16; 
February 10, 21 +16+12; March 31, 17+14) third covey probably left). 
Loss of 28 of 59 in 130 days. 
Group VIII. November 23, 5; January 18, 3 or 4; thereafter gone, 
probably from area. 
Group IX. November 7, 18 (this covey had numbered 27 from Oc-
tober 22 to November 2, but the others-mostly young-apparently left; 
at this season they could have gone nearly anywhere without detection); 
March 29, 18. No loss, but minor fluctuations in 141 days. 
Group X. November 17, 15; February 2, 14; March 31, 13. Loss of 
2 of 15 in 133 days. 
Group XI. November 18, 8; January 5, 9 or 10; January 13, 15; Feb-
ruary 12, 14; March 5, 11; March 31, 11. Loss of 4, gain of 7; net gain of 
3 in 132 days. 
Group XII. November 18, 15+11 +12; November 25, 15+20; De-
cember 23, 13+14; January 11, 10+16; February 8, 20; February 27, 17; 
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March 22, 22. Suspected egress to XI in late November, influx from XIg: 
in early March. Loss of 21, gain of 5; net loss of 16 in 123 days. 
Group XIII. November 21, 16; December 16, 20; January 9, 17; Feb-
ruary 10, 21; March 3, 16; March 31, 16. Loss of 8, gain of 8, no net change 
in 129 days. 
Group XIV. October 26, 15; December 26, 13; December 30, 15; 
January 11, 17; February 8, 17; March 5, 15; March 17, 14. Loss of 5, 
gain of 4; net loss of 1 in 141 days. 
Group XV. December 6, 12; January 9, 12; disappeared by February 
10, apparently to be dissipated largely in group~ XIII and XIV. Loss of 
entire covey in 66 days. 
Group XVI. November 2, 16+18; November 25, 15+17; February 4, 
14+ 10; March 26, 10+13; March 29, 11 +12. Loss of 11 of 34 in 146 days. 
Group XVII. October 14, 17+18+14; February 16, 14+11 +10; by 
about March 25, 15+8+10. Loss of 16 of 49 in about 161 days. 
The total loss for area "T" was 145 of 433, of a bird per 7.4 acre 
population, or 35.8 per cent for an average of 132 days, leaving a surviving 
population of 288 birds in an area which showed, during the peak popula-
tion winters of 1931-32 and 1932-33, a carrying capacity of about 330, or 
a bird per 9.7 acres. 
The drop in survival may be reasonably attributed to the eviction of 
the equivalent of two coveys by the roadside debrushing activities of the 
C. W. A. All roadside brush and even some along private driveways was 
cut away, some of which was highly important quail cover. 
COMPARISON OF WINTER MORTALITY RATES ON SHOT AND UNSHOT AREAS 
Not all of the shot areas are eligible for comparison with those unshot 
because of lack of data, and emergencies on others brought about addi-
W inter population chanaes on shot area.:;: ~ 
Post-
shooting Final Loss Salient remarks 
Area Check Check (+gain) 
A 273 164 109 One-half area burned 
c 220 199 21 Detected mortality: starvation. 
D 164 186 +22 Some starvation. 
E 93 91 2 Strong influx on bottomlands, but no 
uplands post-shooting check. 
F 196 220 +26 Heavy burning, considerable predation. 
G 95 104 +9 Considerable egress and influx at border. 
H 93 75 18 Food shortage. Two border coveys 
moved. 
I 124 105 19 Heavy pasturing. Half of area quail-
vacant. 
J 578 499 79 
L 264 239 25 Much burning. 
BOB-WHITE WINTER SURVIVAL 635 
tional complications. Areas "B", "E" (lowlands), "K", "M" and "N" 
were eliminated from consideration because of inadequate censuses. The 
data from the ten remaining shot areas are summarized in the foregoing 
table. 
The total post-shooting winter decrease recorded on the shot areas 
amounted to 216 of 2100 birds or 10.3 per cent for an average of 62 days. 
Before comparing the data of the shot and unshot areas, a critical in-
quiry as to the causes of their heterogeneity is in order. 
The drastic burning and debrushing, general food shortage and ex-
cessive pasturing which characterized the winter brought in variables, 
but variables operative both on the experimental areas and on the adja-
cent lands. The heavy burning of parts of areas "A' and "L", and the 
excessive pasturing of part of area "I" resulted in known eviction of whole 
coveys from their established territories. That birds moved into indi-
vidual areas is shown by the data from areas "D" and "F". 
The several censuses from area "G" reflect changes in population 
dependent upon whether border coveys were in or out of the area at the 
time of the check. It must be pointed out, however, that area "G" repre-
sents an exceptional case, in that the boundary of the sample under ob-
servation ran through a river bottom with an unusually high concentration 
of quail; hence, that portion actually on the area did not have a definitely 
isolated population. 
In general, we feel, however, that the numbers of individuals under 
observation tend to compensate for errors because of the influx and egress 
of shifting populations and the presence or absence, at the time of the 
census, of border coveys. 
W inter population changes on unshot areas 
Early 
Winter Final 
Area check check Loss Salient remarks 
0 107 99 8 Population excellently situated except for 
1 covey. 
p 43 38 5 
Q 290 173 117 Some starvation mortality. 
R 60 24(?) 36 Loss due to egress rather than mortality. 
s 199 148 51 
T 433 288 145 I Area plainly over-populated. 
The winter's decrease on the six unshot areas totalled 326 of 1132, 
or 31.98 per cent, over an average of 99 days. Omitting from consideration 
the out-of-state area "T" and the perhaps questionable figures from area 
"R", the loss of 181 of 639 birds, or 28.33 per cent, for an average of 68 
days is nearly three times the 10.3 per cent average for the shot areas. 
Predator populations were not noted to differ significantly on the 
southern Iowa quail areas, and, except for fur trapping and fox hunting 
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and sporadic hawk and owl shooting by hunters and farmers, predators 
were not greatly molested. 
Area "T" had a predator population somewhat lighter than usual, but 
quail losses were the highest yet recorded, for the reason that there were 
more quail in excess of carrying capacity than there had been before. 
Exceptionally concerted hawk shooting was known to have been done on 
area "H'', and we have well founded suspicion that the horned owls were 
cleaned out of area "R"; in neither case could any improvement of the 
situation be said to have become apparent. Conversely, on Area "O", a 
wild life refuge where native predators are encouraged along with other 
species of interest, but where the fundamentals of quail management are 
actually practiced, the quail survival was excellent, save for one small 
wandering covey which appeared to be crowded out. 
Studies of the food habits of the great horned owl (Bubo virginianus 
virginianus Gmelin), which we consider the bob-white's most efficient 
resident winter enemy, on the shot areas "A", "G", "H", "K", "L" and 
"N" disclosed negligible pressure from this source, thus indicating a de-
cided security in the case of the quail populations surviving the shooting. 
Horned owl pressure, according to data in preparation for another paper, 
seems quite satisfactorily to reflect bob-white population vulnerability. 
Horned owl pellets (Errington 1930; 1932) from southern Iowa and Wis-
consin observational areas having quail populations within carrying 
capacity, ordinarily contained quail remains in 2 per cent or less, com-
pared to a representation as high as 15 per cent in pellets from over-
populated areas. 
The data point toward an increased security for those quail which 
survived the shooting. The populations which were reduced by artificial 
means to carrying capacity, or below, suffered but little loss through pre-
dation during the winter. On the other hand, the surplus birds from the 
unshot areas were apparently removed by predators. 
This season's data, therefore, tend to confirm those already published 
(Errington 1934) to the effect that the kinds and number of predatory 
species make little difference in winter quail survival, compared to the 
carrying capacity of the land. If the quail population is within the carry-
ing capacity, it will be relatively secure against predators; if there are 
more quail than the environment can accommodate, predators will take 
them, if the surplus is not removed otherwise. ' 
BIOLOGICAL AND MANAGEMENT ASPECTS OF SHOOTING 
Vulnerability of the Iowa 1933 fall quail population began to be mani-
fest about the first week in November. Prior to that time, field work un-
covered scant evidence of losses, but mortality seemed to be greatly ac-
celerated by the drying up of herbaceous vegetation and the dropping of 
leaves from deciduous brush. 
It seems reasonable that the carrying capacity of early fall environ-
ment, when plant growth is green and fairly well distributed, is normally 
high for grown healthy birds, and a large part of the population may find 
habitable territories that would not be habitable for them later. The "fall 
shuffle" (Leopold 1931; 1933) may be interpreted as the reorientation of 
populations in response to autumnal changes in the environment. The 
mechanism of territorial adjustment is not clear, but instances have been 
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recorded (see Errington 1933c) of fall strife between coveys, conceivably 
over territory; increasing evidence, moreover, indicates that winter 
coveys have a tendency to avoid coverts already well populated, even 
when confronted by considerable or dire extremity. 
When the carrying cacapity of an environment is lowered much be-
low the resident population naturally (as in the fall) or artificially (as by 
wholesale burning, debrushing, or anything else which drastically affects 
solid blocks of land) , the surplus or evicted coveys station themselves in 
inferior environment or move away. In either case, the end result to be 
expected is disproportionately rising mortality. Wandering coveys par-
ticularly suffer the pressure of the environment, and although complete 
annihilation is usually averted by a joining of the remnants to other 
coveys, the usual consequence is merely to over-populate by that many 
birds the stronger environments. A critical examination of the data from 
area "T" may give a better idea of how this happens. 
The removal of a substantial portion of the fall population by shoot-
ing evidently relieved the winter environmental pressure upon the shot 
population considered as a whole, in spite of complications brought on by 
burning and food shortage. The lowered rate of loss is not to be mistaken 
for an equivalent rate upon a correspondingly lower quail density: the 
decided lowering of percentage of loss signifies increased security. 
Nevertheless, the impression is not to be gained that shooting is a 
biological necessity. It provides only a means by which man may utilize 
or harvest an annual surplus which would otherwise be lost. Man need 
not consider himself obliged to shoot the surplus-if he does not, it will 
be removed naturally, as it always has been. 
The intelligent harvest ing of a quail crop is in itself not a simple mat-
ter. In the first place, we cannot say with too much certainty how many 
birds may be removed, still permitting complete population recovery dur-
ing the breeding season, although our limited data indicate that the re-
Table showing unexplained population differences following shooting 
Pre- Post-
shooting Known shooting Unexplained 
Area check toll check differences Reliability of difference data 
A 425 124 273 28 Fair. 
D 372 117 164 91 Fair 
E up- 38 Good except for pro rata 
lands 111 pro rata 93 +20 
F 481 154 196 131 Fair 
G 25 I Pro rata data poor sample 162 pr o rata 95 42 
H 312 166 93 53 Pre-shooting data excellent. 
I 281 149 124 8 Fair. 
L 315 43 264 8 Questionable. 
Total 2459 816 1302 341 
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covery rate varies inversely with population density in relation to en-
vironmental carrying capacity (Errington, 1934). 
It is plain enough that the net toll of shooting upon the species mate-
rially exceeds the number brought to bag. According to the official re-
port on the experimental shooting (Schuenke 1933), 1396 birds were 
bagged and 386 reported crippled or otherwise lost. The known toll, ac-
cording to these figures, is 1782. (For a fuller account of crippling losses, 
see also Errington and Bennett 1933.) 
That the toll from shooting may in actuality have been much heavier 
than the 1782 is borne out by the pre- and post-shooting population fig-
ures from the experimental areas. 
At the completion of the first post-shooting census there was an un-
explained loss of 361 birds from seven areas and a gain of 20 in the case of 
one area, or a net difference of 341 birds less than the figures from the 
original census, minus the known toll, would lead one to expect. It may 
be difficult or even impossible to explain these differences fully, but a dis-
cussion of the salient facts may be of advantage. 
The fact that the pre-shooting censuses were not of uniformly high 
reliability permits the possibility that error may enter into the explana-
tion of these differences. However, the relation between unexplained dif-
ference and original population in the case of area "H", with a pre-shooting 
census known to be accurate, compares closely to the same relation ap-
plied to the data as a whole, 16.99 per cent and 13.88 per cent, respectively. 
This close relationship would seem to indicate that the explanation does 
not lie wholly in errors of censusing, but that we must look farther. 
It is known that the pressure of heavy shooting can cause quail to 
move from their established territories (Stoddard, 1931). That a portion of 
the difference was due to this cause may be accepted as a fact. It is highly 
probable that a portion-and perhaps a very large portion-of these differ-
ences may be attributed to wounded birds which were not recognized as 
such, but which later died as a result of their wounds, or, in their weak-
ened condition, fell easy prey to predators. These possibilities seem the 
most reasonable explanations, and, in anticipation of them, the first post-
shooting checks were made after the lapse of sufficient time to permit 
populations to reach equilibrium. 
SUMMARY 
1. Quail populations surviving the shooting lost 10.3 per cent of their 
numbers collectively during the period of observation. 
2. Quail populations on the four reliable Iowa unshot areas, com-
parable in location and period of observation to those shot, lost 28.3 per 
cent. 
3. Predator populations were not noted to differ significantly on the 
Iowa experimental areas, shot or unshot. 
4. Mortality seemed to be greatly accelerated in early November, 
coincident with the reduction of carrying capacity by the drying up of 
herbaceous vegetation and the falling of leaves from deciduous brush. 
5. The first post-shooting censuses showed fewer birds than the fig-
ure obtained by subtracting the known toll from the pre-shooting popu-
lation. 
The data appear to confirm the population vulnerability thesis (Er-
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rington, 1934) in that they indicate heavy predation upon the exposed sur-
pluses of the unshot areas, while those areas from which the surplus was 
artificially removed showed a lower loss rate. 
While it is not our part either to advocate or to oppose quail shooting 
for sport, the data show that reasonable shooting is biologically possible, 
and, if it is to be done, would be most advantageous in early fall, in order 
that the kill might comprise birds from the doomed seasonal surplus. 
Later in the winter, after the surplus had long been exposed to natural 
mortality, the same kill might reduce the population too far below the 
carrying capacity of the environment and reduce not only surplus but 
seed stock as well. In the matter of setting bag limits, however, it should 
not be overlooked that the number brought to bag does not represent the 
true toll upon the species. 
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